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Description 

Technical Field 

5 [0001] The present invention relates to a diagnostic apparatus for performing diagnostics based on parameter data 
obtained from the pulse waves generated by a living body, preferably including a pulse wave analyzing apparatus for 
generating the parameter data representing the pulse waves of the living body. 

Background Art 

10 

[0002] The traditional medicine, for example, the Chinese medicine has long practiced pulse taking at three locations 
(Chun, Guan, and Chi) on an arm along the radial artery. Also, there is a method for taking pulses automatically with 
three piezoelectric elements which are respectively pressed at the three points. (Japanese Patent Application (JPA), 
Second Publication, S57-52054). Further, to equalize the finger pressure of the piezoelectric elements, it is known that 
15 air pressure is used to press down the piezoelectric elements (JPA, First Publication, H04-9139). 

[0003] On the other hand, a technique called Ayurveda has been known in traditional Indian medicine from ancient 
times. This method will be explained with reference to Figures 3 (A) and (B). 

[0004] An examiner places his finger lightly on three locations along the radial artery of an examinee. The three 
locations shown in Figure 3 (A) are referred to as Vata (V), Pitta (P) and Kapha (K), and correspond roughly to the 
20 three location in the Chinese Medicine known as the Chun, Guan and Chi. The examiner places his second finger on 
Vata (V), his third finger on Pitta (P) and his fourth finger on Kapha (K), and checks the pulsing motions at the variant 
depths. 

[0005] Next, the examiner performs a diagnostic analysis of the health condition of the examinee based on the 
sections and strength of the examinee's pulse felt at the four points on his one finger as illustrated in Figure 3 (B). It 

25 follows, therefore, that with the three fingers, he can perform the diagnostic analysis based on a total of twelve points. 
[0006] Such wrist pulse method and the Ayurveda technique are said to provide excellent diagnostics, but because 
these techniques are dependent on the accumulated experience and the sensation felt by the Examiner, the techniques 
are difficult to be fully mastered. In particular, diagnosis by the Ayurveda method is restricted to those with extreme 
sensitivity at the f i nger tip, which can number as little as one in a thousand, or one in several thousand people. Moreover, 

30 even for those with sensitive touch, unless they have many years of training, they cannot make an accurate diagnosis. 
[0007] As described above, the pulse waves are useful index of the conditions of a living body, and potentially form 
an excellent basis for a diagnostic technique. If it is possible to derive information related to the conditions of the living 
body from the pulse waves, and to perform objective and accurate diagnostics based on such information, it would 
signify a great leap in the field of remedial medicine. 

35 [0008] US 4993420 discloses a method and apparatus for non-invasively monitoring dynamic cardiac performance 
in which carotid and femoral pulse waveforms are respectively measured and converted to digitised signals. The carotid 
pulse signal or waveform is applied as a voltage to a simulated aorta circuit and the circuit component values repre- 
senting hemodynamic parameters are varied to develop an output best matching the femoral pulse waveform. 
[0009] US 4331154 discloses a blood pressure and heart rate measuring watch. The band of the watch supports a 

40 piezoelectric transducer in contact with the wearer's wrist and measures pulses at the radial artery to calculate blood 
pressure and heart rate. 

[001 0] "Vizualization And Quantitative Analysis Of The Pulse Diagnosis In Ayurveda", Kazuo Kodama et al; Bl Center 
of the Kitasato Institute, Tokyo; Tokyo Denki University, discloses use of Ayurveda pulse waves as a diagnostic tool, 
namely the determination of hemodynamic parameters by simulating the measured Ayurveda pulse waves with a spe- 
45 cific electric circuit model. 

[001 1 ] The present invention was made in view of the background of the diagnostics technology presented above, 
and the objective of the present invention are to present: 

(1) A diagnostic apparatus for performing diagnosis of the conditions of an examinee based on the pulse waves 
50 obtained from the examinee in a manner similar to an expert medical person. 

(2) An diagnostic apparatus comprising a pulse wave analysis apparatus for analyzing and acquiring data which 
not only reflect the conditions of the examinee but enable objective diagnosis to be performed. 

(3) A diagnostic apparatus for performing objective diagnosis of the conditions of the examinee based on pulse 
waves obtained from the examinee. 

55 

[0012] According to the present invention there is provided a diagnostic apparatus, comprising: 

database means for relationally storing diagnosis results representative of a plurality of different living body diag- 
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nostic disorder conditions and parameter data representative of a respective plurality of living body pulse waves, 
wherein relationships between said diagnosis results and said parameter data are predetermined by an examiner 
through an independent diagnosis of at least one first living body and measurement of respective pulse waves of 
said at least one first living body; and 
5 diagnosis means for receiving parameter data representative of a pulse wave measured from a location on at least 

one living body subject to diagnosis and for matching said received parameter data with parameter data repre- 
senting pulse waves in said database and for outputting a diagnosis result condition related to said matched pa- 
rameter data stored in said database. 

10 [001 3] Embodiments of the present invention will now be described by way of further example only and with reference 
to the accompanying drawings, in which:- 

Fig. 1 is a block diagram of a diagnosis apparatus according to a first embodiment of the present invention; 

Fig. 2 is a plan view showing the essential parts of a pulse wave sensor used in the embodiment; 
15 Fig. 3(A) is a diagram illustrating the three pulse taking location on the arm of an examinee in Ayurveda technique; 

Fig., 3(B) is a diagram illustrating the four points on the examiner's finger in the Ayurveda technique; 

Fig. 4(A) to Fig. 4(C) are graphs showing examples of detected pulse waves; 

Fig. 5(A) to Fig. 5(C) are graphs showing examples of detected pulse waves; 

Fig. 6 is a graph showing examples of detected pulse waves; 
20 Fig. 7 is a graph showing examples of detected pulse waves; 

Fig. 8 is a graph showing examples of detected pulse waves; 

Fig. 9 is a graph showing examples of detected pulse waves; 

Fig. 10 is a block diagram to show a pulse wave analysis apparatus to compute dynamic parameters of the circu- 
latory system based on the concept of a second embodiment of the diagnostic apparatus of the present invention; 
25 Fig. 11 is a schematic illustration of using the pulse wave detection device and the stroke volume determination 

device; 

Fig. 1 2 is a schematic circuit diagram showing a lumped four parametercircuit model to simulate the arterial system 
of a human body; 

Fig.1 3 is an illustration of the blood pressure waveforms at the aorta ascendens and the blood pressure waveforms 
30 in the left ventricle of the heart; 

Fig. 1 4 is an illustration of the electrical signal waveform modeling the blood pressure waveform at the above aorta 
ascendens; 

Fig. 15 is a flowchart showing the routine for the operation of the pulse wave analysis apparatus; 

Fig. 16 is a flowchart showing the routine for the operation of the pulse wave analysis apparatus; 
35 Fig. 1 7 is a flowchart showing the routine for the operation of the pulse wave analysis apparatus; 

Fig. 1 8 is a flowchart showing the routine for the operation of the pulse wave analysis apparatus; 

Fig. 1 9 is a flowchart showing the routine for the operation of the pulse wave analysis apparatus; 

Fig. 20 is an example waveform showing the radial arterial waveform obtained by an averaging process; 

Fig. 21 is an illustration of the overlap display of a radial arterial waveform obtained by the averaging process and 
40 a radial arterial waveform obtained by the computation processing; 

Fig. 22 is an example of the radial arterial waveform obtained by the averaging process; 

Fig. 23 is an illustration of the other electrical signal waveform modeling the blood pressure waveform at the above 

aorta ascendens; 

Fig. 24 is a perspective of a pulse wave sensor; 
45 Fig. 25 is a block diagram of the pulse wave detection device; 

Fig. 26 is a circuit diagram representing the expansion of the lumped four parameter circuit model for the arterial 
system; 

Fig. 27 is a schematic block diagram to show of a diagnostic apparatus based on the shape of pulse waveforms, 

and based on the concept of a third embodiment of a diagnostic apparatus of the present invention; 
50 Fig. 28 is an illustration to explain a method of pulse wave examination; 

Fig. 29 is a schematic block diagram to show the configuration of another diagnostic apparatus; 

Fig. 30 is a schematic block diagram to show the configuration of the other diagnostic apparatus; 

Fig. 31 (A) is a typical waveform of Ping mai type; 

Fig. 31 (B) is a typical waveform of Hua mai type; . 
55 Fig. 31 (C) is a typical waveform of Xuan mai type; 

Fig. 32 is a bar graph to show the relationship between the distortion factor d and the three types of pulse waveform; 

Fig. 33 is a graph to show the relationship between the distortion factor d and the proximal section resistance R c ; 

Fig. 34 is a graph to show the relationship between the distortion factor d and the distal section blood flow resistance 
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R p ; 

Fig. 35 is a graph to show the relationship between the distortion factor d and the blood flow momentum L; 
Fig. 36 is a graph to show the relationship between the distortion factor d and the vascular compliance C; 
Fig. 37 is a bar graph to show the relationship between the proximal section blood flow resistance R c and the three 
5 types of waveforms; 

Fig. 38 is a bar graph to show the relationship between the distal section blood flow resistance Rp and the three 
types of waveforms; 

Fig. 39 is a bar graph to show the relationship between the blood flow momentum L and the three types of wave- 
forms; 

10 Fig. 40 is a bar graph to show the relationship between the compliance C and the three types of waveforms; 

Fig. 41 is a block diagram to show another example of calculating the distortion factor d; 

Fig. 42 is an example of pulse waves used in stress level evaluation not in accordance with the present invention; 

Fig. 43 illustrates a psychosomatic fatigue level diagnostic questionnaire used in the embodiment; 

Fig. 44 is a block diagram showing a construction of a first variation of a stress level evaluation apparatus not in 
15 accordance with the invention; 

Fig. 45 is a block diagram showing a construction of a second variation of a stress level evaluation apparatus; 

Fig. 46 is a block diagram showing a structural example of the parameter sampling unit (or the waveform sampling 

memory) of the second variation; 

Fig. 47 is a diagram illustrating the stored contents of the peak information memory of the variation; 
20 Fig. 48 is a diagram illustrating the radial arterial pulse waveform recorded in the waveform memory of the variation; 

Fig. 49 is a display of stress level evaluated by a third variation of a stress level evaluation apparatus; 
Fig. 50 is a block diagram showing a structure of a pulse wave analyzing apparatus included in a diagnostic ap- 
paratus according to a fifth embodiment of the present invention; 

Fig. 51 is a block diagram showing the structure of frequency analyzing unit in the embodiment; 
25 Fig. 52 is a diagram illustrating waveform transfer timing from a waveform sampling memory to a frequency ana- 

lyzing unit; 

Fig. 53 is a timing chart showing an operation inside the waveform sampling memory; 
Fig. 54 is a diagram explaining an operation of a high speed playback unit; 
Fig. 55 is a diagram explaining the operation of the high speed playback unit; and 
30 Fig. 56 is a diagram explaining the operation of the high speed playback, and a sine wave generator. 

Best Mode for Carrying Out the Invention 

[0014] Preferred embodiments of the present invention will be explained with reference to the drawings presented 
35 in the figures. All of these embodiments are based on the results of analysis and diagnosis performed on actual pulse 
waves detected from actual examinees. 

[0015] To facilitate understanding, the embodiments are presented in separate Chapters 1-3 and 5 so that those 
skilled in the art may be able to duplicate the embodiments. 

[0016] In Chapter 1, an expert system is presented which performs diagnosis based on most easily recognizable 
40 waveforms so that the principle of the present invention can be understood by those skilled in the art. To perform such 
a diagnosis, it is necessary that the waveforms are correlated to conditions of an examinee, and additionally those 
parameters must be truly reflective of the conditions of the examinee. 

[0017] In Chapters 2 and 3, circulatory dynamic parameters are chosen to represent the parameters representing 
the conditions of an examinee. A method for obtaining such hemodynamic parameters are illustrated with an embod- 

45 iment, as well as an embodiment for a diagnostic apparatus for performing diagnosis based on such parameters. 
[0018] In Chapter 4, a diagnostic apparatus not in accordance with the invention is presented to obtain relevant 
information related to the condition of an examinee, and to perform diagnosis based on such information. The expla- 
nations provided include specific steps so that those skilled in the art may be able to construct such diagnostic appa- 
ratuses. The disclosures of Chapter 4 are helpful to those skilled in the art to construct devices other than the psycho- 

50 somatic stress level analysis apparatus presented in chapter 4. 

[0019] In Chapter 5, an improved pulse wave analysis apparatus is presented to further improve the performance 
of the apparatuses presented in the foregoing embodiments. 

Chapter 1 : Diagnostic Apparatus 

55 

[0020] First, a first embodiment of the diagnostic apparatus according to the present invention will be explained. This 
diagnostic apparatus has a pre-recorded memory which relates the pulse wave data to the conditions of a living body, 
and performs comparative analysis to identify the detected waveform of an examinee with the stored waveforms in the 
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memory. 

[0021] Chapter 1 is devoted exclusively to the first embodiment of the present invention. 
Chapter 1-1: Structure of the Embodiment 

5 

[0022] Fig. 2 shows a plan view of a pulse wave sensor used in the embodiment. 

[0023] In Fig. 2, numerals 81-84 indicate a set of band shaped strain gages which are arranged in parallel in the 
longitudinal direction on a finger portion of a rubber glove 5. The thickness of the rubber glove 5 is approximately 200 
urn. Standard gauge type adhesive is used to fixedly attach the strain gages 81 - 84 to the rubber glove 5. 

w [0024] The details of the strain gages 81 - 84 are as follows: 

Each of the strain gages 81 - 84 is a thin gauge with a gauge factor of 2.1 ; resistance of 120 ohms; a width (D) of 
2.8mm; a length (L) of 9.4mm; and a thickness of 15 u,m. The overall width M of the strain gages 81 - 84 corresponds 
to the contact width of the finger of the examiner when the finger is gently pressed on an arm of the examinee, and is 
set at approximately 12 mm. Accordingly, the distances (S) between the gauges 81 - 84 is approximately 0.27 mm. 

15 [0025] The strain gauges 81 - 84 correspond to the measuring points 1 - 4 as shown in Fig. 3 (B), and are used to 
measure the pulsing motion at the respective Ayurveda shown in Fig. 3 (A). 

[0026] The construction of the diagnostic apparatus using the strain gages 81 - 84 will be explained with reference 
to Fig. 1. 

[0027] In the figure, a strain gage 81 and a resistor 12 are connected in series, with a predetermined DC voltage E 
20 applied by a voltage source 1 1 . Accordingly, an AC voltage V| corresponding to the resistance ratio, is generated across 
the ends of the strain gage 81 . The numeral 13 indicates a DC cut-off filter which removes the DC component of the 
AC voltage V,. 

[0028] The output signal from the DC cut-off. filter 13 is amplified by an amplifier 14, and outputted by way of a low 
pass filter 1 5 which has a cut-off frequency of 20 Hz. Fig. 2 shows only the circuit corresponding to the strain gage 81 . 

25 Similar circuits are respectively provided for the other strain gages 82 - 84. 

[0029] Subsequently, the output voltage Vo from the low pass filter 15, is converted into a digital signal by an A/D 
converter 20, and then supplied to a micro-computer 21 . The micro-computer 21 comprises a CPU 24, a ROM 22, a 
RAM 23, and a display device DP. It also has a database 26 as an external memory. A program specifying the operation 
of the CPU 24, is stored in the ROM 22, while a working area is set in the RAM 23. The numeral 25 indicates an input 

30 device comprising a keyboard or the like, whereby various commands and messages can be input to the CPU 24. The 
numeral 30 indicates a recorder, which prints out waveform data supplied from the CPU 24, on a specified sheet. 

Chapter 1-2: Operation of the Embodiment 

35 [0030] There are two operative modes of the first embodiment; the learning mode and the diagnostic mode. The 
explanations for the operation of the first embodiment are divided into those two modes. 

Chapter 1-2-1: Learning Mode 

40 [0031] The learning mode is used to store the relationship between the parameters representing the pulse waves 
(waveform parameters) obtained from the examinee and the data representing the conditions of the examinee (i.e., 
diagnosis results). 

[0032] With the above construction, the examiner wears the rubber glove 5 on one hand, and presses the second 
finger on the Vata (V), the third finger on the Pitta (P), and the fourth finger on the Kapha (K), of the examinee. 

45 [0033] In this condition, respective voltages Vj are outputted from a total of 12 strain gages, corresponding to the 
pulsing motion of the examinee. The direct current components of these voltages Vj are filtered out in the corresponding 
DC cut-off filters 13, and are supplied to the micro-computer 21 by way of the respective corresponding amplifiers 14, 
low pass filters 15, and A/D converters 20. The waveforms supplied in this way are analyzed in the micro-computer 
21 , and parameters indicating the characteristics are computed. These parameters are then stored temporarily in the 

so RAM. 

[0034] In the present embodiment, the amplitudes of the respective frequency components constituting the pulse 
waves are used as the characterizing parameters. That is to say, a frequency spectrum analysis by Fast Fourier Trans- 
form is carried out for the respective waveforms (the program for the Fast Fourier Transform is pre-stored in ROM 22 
or RAM 23), and the amplitudes of the various frequencies are used as parameters. Further, as will be explained 
55 subsequent to Chapter 2, the present invention may utilize various other parameters representing the pulse waves. 
[0035] The examiner then inputs diagnosis results(as teaching data) corresponding to the computed parameters 
from the input unit 25. The diagnosis results in this case are those from the sense of the finger touch, and those from 
observation of the waveform displayed on the display device, or both of these. Additionally, a completely different 
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method of diagnosis such as a Western medical opinion may also be used. The input may also include words directly 
indicating a sign of illness and symptoms can be inputted from the input unit 25. The input data may also be corre- 
sponding codes. 

[0036] When the diagnosis results from the examiner are inputted, the CPU 24 stores these in the database 26 
5 matched with the parameters stored temporarily in the RAM 23. 

[0037] Next, the learning mode will be explained for each actual symptoms of an illness. 

(1) Chronic nasal inflammation 

10 [0038] In this example, the patient was a 28 year-old-male, diagnosed by Western medical opinion to have chronic 
nasal inflammation. 

[0039] The pulse waves measured from the patient were recorded by the recorder 30. The results are shown in Figs. 
4(A)-(C). Here the vertical scale in Fig. 4(A) is 2 times that in Figs. 4(B) and (C). This is done for convenience to keep 
the waveform on the scale. Accordingly, the amplitude of Udama Vata (V) waveform is large compared to the other 
15 waveforms. Furthermore, from the observation of the measured results of the Vata (V) in Fig. 4(A), it can be seen that 
the waveform amplitudes for the first and second points are much larger compared to those for the third and fourth 
points. 

[0040] Meanwhile, the micro-computer 21 performs a frequency spectrum analysis by Fast Fourier Transform on the 
respective waveforms, and the results are stored in the RAM 23 as parameters. 

20 [0041] For the pulse wave characteristics shown in Figs. 4, the Ayurveda technique gives a diagnostic opinion of a 
nasal pharynx disorder. With the appearance of such pulse waves there is a statistically high probability of a disorder 
in the nose, throat or bronchial tube. This has been reported in "Visualization and Quantitative Analysis of the Pulse 
Diagnosis in AYURVEDA": K. Kodama, H. Kasahara, H. Ishiyama, The proceeding of the 4th world congress holistic 
approach - health for all in Bangalore, India" 1991. 

25 [0042] From the observation of the output results from the recorder 30, and the waveform shown on the screen of 
the display DP, and also from an Ayurveda diagnosis by sense of touch, or on the basis of a Western medical opinion, 
the examiner inputs an opinion forthe diagnosed result (chronic nasal inflammation), or a code indicating this opinion, 
from the input unit 25 into the diagnostic apparatus. 

[0043] Subsequently, the CPU 24 matches the diagnosed input result with the parameters temporarily stored in the 
30 RAM 23, and stores them both in the database 26. 

(2) Liver disorder example (i) 

[0044] In this example the patient was a 28-year-old male with a liver disorder (GTO "42", GPT "63"). 
35 [0045] The examiner's pulse wave measurement results are shown in Figs. 5 (A) - (C). The scales in these Figs, are 

the same. From these results it can be seen that the amplitude of the waveforms for the Ranjaka Pitta (P) of the third 

finger are large compared to those for the other fingers. A magnified view of Fig. 5 (B) is shown in Fig. 6. From Fig. 6 

it can be seen that the amplitude for the second point is greater than that for the other points. 

[0046] The micro-computer 21 performs a frequency spectrum analysis by Fast Fourier Transform on the respective 
*o waveforms in similar manner to the above case (1), and the results are stored in the RAM 23 as parameters. 

[0047] Incidentally, the Ayurveda diagnosis indicated a liver disorder or the stomach/intestine problem. 

[0048] Here the examiner in a similar manner to the above mentioned case, from an Ayurveda opinion by sense of 

touch, or on the basis of a Western medical opinion, inputs an opinion for the diagnosed result (liver disorder), or a 

code indicating this disorder, from the input unit 25 into the diagnostic apparatus. 
45 [0049] Subsequently, the CPU 24 matches the inputted diagnosis result with the parameters temporarily stored in 

the RAM 23, and stores them in the database 26. 

(3) Liver disorder example (ii) 

so [0050] Next example is a diagnosis for a different liver disorder. The patient was a 24-year-old male with a liver 
disorder (GTO "36", GPT "52"). 

[0051] With this patient also, the amplitude of the waveform in the Ranjaka Pitta (P) was larger than the amplitude 
for the other fingers. The waveform measurement results for this Pitta (P) are shown in Fig. 7. In Fig. 7 it can be seen 
that the amplitude for the second point is greater than that for the other points. Accordingly, with this liver disorder 
55 example also, similar results to those of the before mentioned liver disorder example (i) were obtained. 

[0052] In this case also the computer 24 parameter computations, and input of the results by the examiner, are made 
in a similar manner to the above case. However, since the waveforms of Fig. 5 and Fig. 7 were slightly different, the 
parameters were slightly different to the case of the liver disorder (i). Even though the diagnostic results are the same, 
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because a certain degree of variation appears in the possible parameter values, the reliability of the limits can be 
improved by accumulating many clinical examples. 

(4) Heart disorder (i) 

5 

[0053] In this example, the patient was a 26-year-old male having irregular pulses which appeared several times an 
hour due to an outer contracting ventricle of the heart. 

[0054] With the waveform measurement results of the patient, the amplitude of the waveform for the Sadhaka Pitta 
(P) of the third finger was larger than these for the other fingers. The waveform measurement results for the Sadhaka 
10 Pitta (P) are shown in Fig. 8. As is clear from Fig. 8, the amplitude for the third point is greater than those for the other 
points. 

[0055] Incidentally, the Ayurveda diagnosis indicated a disorder of the heart for the above illness example. Accord- 
ingly, in this diagnosis example also, the diagnosis results from the Ayurveda or from Western medical opinion were 
inputted for the parameters calculated by the CPU 24, and both were matched and stored in the database 26 so that 
is the symptoms with respect to the pulse waves could be leamt. 

(5) Heart disorder (ii) 

[0056] To confirm the reproducibility of the heart disorder example (i), a diagnosis was made for a different heart 
20 disorder example. The patient was a 38-year-old male having irregular pulses which appeared several times an hour 
due to an outer contracting ventricle of the heart. 

[0057] With this patient also, the amplitude of the waveform for the Sadhaka Pitta (P) of the third- finger was larger 
than those for the other fingers. The waveform measurement results for the Sadhaka Pitta (P) are shown in Fig. 9. As 
is clear from Fig. 9, the amplitude for the third point is greater than those for the other points. 
25 [0058] In this case also parameter computations by the computer 24, and input of the results by the examiner, are 
made in a similar manner to the above cases, and matched and stored in the database 26. 

Chapter 1-2-2: Diagnosis Mode 

30 [0059] Next, the diagnostic mode will be explained. The diagnostic mode performs: detection of pulse waves from 
an examinee; computation of the parameters representing the pulse waves; and diagnosis by reading out applicable 
diagnostic results from the database 26. 

[0060] The examiner operates the input unit 25 to indicate the diagnosis mode for input to the CPU 24. Then in a 
similar manner to that for the learning mode, puts one hand into the rubber glove 5, and his second finger presses the 

35 examinee at Vata (V); his third finger at Pitta (P); and his fourth finger at Kappa (K). 

[0061] As a result, respective voltages V } are output from the strain gages of the respective fingers, and supplied to 
the microcomputer 21 by way of the DC cut-off filter 13, amplifier 14, low pass filter 15 and A/D converter 20. The 
micro-computer 21 then calculates parameters to express the characteristics of the supplied waveforms, and tempo- 
rarily stores these in the RAM 23. The CPU 24 then searches in the database 26, for a parameter equal to the parameter 

40 temporarily stored in the RAM 23, or the closest parameter to that parameter, reads the diagnosis result matched with 
that parameter, and displays this on the display device DP. In this case, if there is not an equivalent parameter, the 
diagnosis results corresponding to the closest parameter are displayed, then that fact also is displayed at the same 
time. Such a message is pre-stored in the ROM as character information, and appropriately displayed. 
[0062] With the display device DP as described above, diagnosis results (as teaching data) such as chronic nasal 

45 inflammation, liver disorder, heart abnormality/disorder are displayed. Accordingly, the examiner can make a diagnosis 
for that patient based on the displayed results. 

[0063] Here, the embodiment offers an advantage that if teaching data compiled by expert Ayurveda practitioner had 
been pre-loaded in the diagnostic memory provided in the learning mode, even a beginner in the Ayurveda technique 
would be able to perform a diagnosis at the expert level. 

50 

Chapter 1-3: Variation of the First Embodiment 

[0064] The first embodiment is not limited to the above diagnostic apparatus. For example, a number of variations 
such as given below are also possible. 

55 

Variation (i) 



[0065] In the first embodiment, the frequency spectrum by FFT were used as waveform parameters. However, instead 
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of this, each values of elements of a lumped four parameter circuit model simulating the arterial system may be used. 
The electrical model will be described below. 

Variation (ii) 

5 

[0066] Waveform spectrum obtained by discrete FFT, or waveform spectrum obtained by the so-called maximum 
entropy method technique may be used for the parameter. 

Variation (iii) 

10 

[0067] In the above embodiment, the radial arterial pulse waves were used. However, it is possible to utilize param- 
eters for brain waves or finger tip pulse waves. Moreover, parameters for the accelerating wave of the finger tip pulse 
wave may be utilized. The main point is that the present invention is applicable provided there is some wave motion 
which reflects the condition of the living body. The living body to be measured is not limited to humans but can be other 
is types of animals. 

Variation (iv) 

[0068] In the traditional medicine, Ayurveda for example, a large amount of diagnostic data has already been accu- 
20 mulated. Accordingly, if this data can be used directly and quickly in a clinical manner, then there are ease when it is 
better to adjust the number of measuring points to those of the traditional medicine. Hence, it is permissible to have 
less than four strain gages provided there is more than one. For example, it is known that the traditional medicine of 
Tibet considers two measurement points on one finger. Accordingly, in carrying out the diagnosis based on this tradi- 
tional medicine, two gauges would sufficient. 

25 

Variation (v) 

[0069] In the circuit shown in Fig. 1, the pulse wave is detected by directly measuring the voltage V { across the 
terminals of the strain gage 81 . However a bridge circuit with the strain gage 81 at one side can be constructed, and 
30 the pulse waves are detected by measuring the voltage across the opposite corners of the bridge circuit. By constructing 
a bridge circuit with the strain gage and three thin film resistors having the same temperature resistance coefficient as 
the strain gage 81 adhered to the rubber glove 5, then a temperature drift due for example to the body temperature 
can be compensated for, and the sensitivity improved. 

35 Variation (vi) 

[0070] In the circuit shown in Fig. 1 , a current is supplied continuously to the strain gage 81 . However the current 
supply to the strain gage 81 may be intermittent. That is to say, with the circuit in Fig. 1 , since the portion of the frequency 
component of the voltage Vi detected finally as pulse waves only has frequency components below 20Hz, therefore 
40 even with the results sampled at a frequency of 40Hz, adequate waveform reproduction is possible. Hence the current 
supplied to the strain gage 81 can be intermittent, enabling a reduction in power consumption, which is beneficial, 
particularly with portable equipment. 

Variation (vii) 

45 

[0071] In the first embodiment, the parameter inside the database 26 matching the calculated parameter in the di- 
agnostic mode is retrieved. However instead of this, respective threshold values can be set for the upper and lower 
limits of the respective parameters inside the database 26, and when in the diagnosis mode, if the calculated parameters 
fall within this range, they can be considered as the relevant parameters inside the database 26, and that diagnosis 
so result may be outputted. Moreover, with the data inside the database 26, this is updated when new diagnosis results 
are inputted for the same parameter. However, if a parameter of a close value is newly inputted, the above threshold 
value can be updated. 

Variation (iii) 

55 

[0072] In the above embodiment, the pulse wave parameter is calculated, stored and a comparison is made. However, 
when there is no problem with increasing the memory capacity or processing time, the waveforms themselves can be 
stored and compared. 
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Variation (ix) 

[0073] It is also possible to display the therapeutic procedure corresponding to the symptoms of the patient together 
with or instead of the diagnosis results. The therapeutic procedure may be outputted as the teaching data in the first 
5 embodiment. In the learning mode, diagnosis results together with the therapeutics (or the therapeutics instead of the 
diagnosis results), can be inputted easily. 

[0074] In the above, the configuration of the basic diagnostic apparatus has been explained. In the following chapters 
2 through to 5, parameters representing the pulse will be explained together with the method of generating such pa- 
rameters. 

10 

Chapter 2: Pulse Wave Analyzer for Computing Parameters of the Circulatory System 

[0075] The present invention relates to a diagnostic apparatus, which may optionally be adapted for pulse wave 
analysis as described in this chapter. 

15 [0076] In the modern medicine, the most common procedure in the examination process of the cardiovascular system 
of a human body, is to measure the blood pressure and the heart beat rate. However, to perform more detailed exam- 
ination, other circulatory dynamic parameters such as the vascular resistance and compliance must also be examined. 
[0077] Conventionally, to measure such circulatory dynamic parameters, it is necessary to determine the pressure 
waveforms and the blood flow rate at the aorta ascendens and at an incision site. The measurement method involves 

20 either directly by an insertion of a catheter in an artery, or indirectly by ultrasonic measurement. 

[0078] However, according to the catheter method, there is a problem that a large invasive equipment is required. 
The ultrasonic technique can measure the blood flow non-invasively, but the technique requires expert operator, and 
the apparatus was also large. 

[0079] To solve these problems, the present inventors therefore devised a pulse wave analysis apparatus based on 
25 an electrical simulation circuitry to non-invasively follow the hemodynamics of a living body with the use of circulatory 
dynamic parameters. 

[0080] More specifically, the pulse wave analysis apparatus operates by: simulating the arterial system from a prox- 
imal section to a distal section with an electrical circuit (hereinbelow referred to as the electrical model); entering 
electrical signals representing the pressure waveforms at the proximal section into the circuit; iterating the values of 
30 the elements of the circuit so as to duplicate the actual pressure waveforms detected from the distal section of the 
examinee; and outputting the computed results corresponding to each of the circulatory dynamic parameters. 
[0081] In this case, it is obvious that the computed parameters may be used as the waveform parameters in the first 
embodiment. 

[0082] In this pulse wave analysis apparatus, the radial arterial pressure waveforms are used as the waveforms to 
35 be analyzed in the distal section of the living body, and the aorta ascendens pressure waveforms are used as the 
waveforms to be analyzed in the proximal section of the living body. 

[0083] The basic assumption is that the pressure waveforms at the aorta ascendens are nearly constant and are not 
much affected by the conditions of the living body, and it is mainly the performance of the arterial system which is 
affected by the conditions of the living body. This assumption has been clinically verified by the inventors. 
40 [0084] In the following, a pulse wave analysis apparatus will be explained. 

Chapter 2-1 : Structure of the Embodiment 

[0085] Figure 10 shows a block diagram of the pulse wave analysis apparatus. 
45 [0086] This pulse wave apparatus computes the circulatory dynamic function of an examinee based on information 
obtained from evaluation of the circulatory dynamic parameters of a human body with a non-invasive sensor. The actual 
details of the circulatory dynamic parameters will be explained later. 

[0087] In Figure 10, the reference numeral 201 refers to a pulse wave detection apparatus, 202 is a stroke volume 
determination device. The pulse wave detection apparatus 201 determines the radial artery waveform via the pulse 
so wave sensor S1 worn on the examiner's hand (or on the wrist of an examinee), as shown in Figure 11, and also 
determines the blood pressure of the examinee via a cuff belt S2 worn on the upper arm section of the examinee. The 
waveform of the radial artery is corrected by the blood pressure, and the corrected waveform of the radial artery is 
outputted as electrical analogue signal. 

[0088] The analogue signal outputted from the pulse wave detection device 201 is inputted into an A/D converter 
55 203, and is converted into digital signals for every sampling cycle. Also, the stroke volume determination device 202 
is connected to the cuff belt S2, as shown in Figure 1 1 , and determines the volume of blood circulated for one pulsation 
(beat) via the cuff belt S2, and outputs the results (digital signals) as the stoke volume per pulsation. This measurement 
can be provided by the so-called Contraction Surface Area method. 
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[0089] Here, the details of the pulse wave sensor S1 will be explained with reference to Figure 24. 
[0090] In this figure, the reference numeral 251 refers to a surgical rubber glove, which is provided with strain gages 
252 - 254 at the finger pad side of the first joint of the index, third and fourth fingers. The strain gages 252 - 254 are 
thin gages, and have a gage factor (170), a resistance (2 k ohm), a width (0.5 mm) and a length (4 mm). Each of the 

5 strain gages 252-254 is fixed on a flexible thin base, and is attached to the rubber glove 251 with thin the base. 
[0091] Next, the pulse wave detection device 201 is explained with reference to Figure 25. 
[0092] In the figure, the reference numeral 268 refers to a known blood pressure meter, and measures and outputs 
the blood pressure value through the cuff belt S2. The numeral 261 is a constant current source, and supplies a constant 
current to the strain gage 252. The ends of the strain gage 252 generate a voltage V g to correspond to the degree of 

10 physical strain. The voltage V g is amplified through a direct current (DC) amplifier 262, and is supplied to the DC cut- 
off circuit 263 and to the averaging circuit 265. The output voltage generated by the DC amplifier 262 can be expressed 
as V Q + V d + AV). Here V 0 is the voltage generated when the examiner wears the glove 251 , V d is the voltage generated 
when the examiner's finger is pressed against the arm of the examinee. The voltage AV is an alternating current (AC) 
voltage generated by the pulse pressure of the examinee. 

15 [0093] The DC cut-off circuit 263 eliminates the first two DC components from the voltages, V 0> V d and AV, and 
outputs the AC voltage AV, i.e. the pulse wave signal. The pulse wave signal is supplied, after removing the noise, to 
the micro-computer 204 via a low pass filter 264 with the cut-off frequency of 20 Hz via the A/D converter 203 (See 
Figure 10). 

[0094] On the other hand, the averaging circuit 265 detects the maximum value of (V 0 + V d + AV), and taking a cycle 
20 to be to the period of the next generation of the maximum value of (V Q + V d + AV), obtains an average value of (V 0 + 
V d + AV). This operation eliminates the AC component AV, and the DC component (V 0 + V d ) is outputted. The reference 
numeral 266 is a level memory circuit, and when a switch 266a is pressed down, memorizes the output voltage value 
at that time of the averaging circuit 265, and outputs the voltage at the memorized level periodically. The numeral 267 
is a decrementor, and subtracts the output voltage of the level memory circuit 266 from the output voltage of the 
25 averaging circuit 265, and outputs the decremented value. 

[0095] In Figure 25, when the examiner wears the glove 251 , the DC amplifier 262 output a voltage V Q . When the 
switch 266a is pressed in this condition, the voltage V 0 is memorized in the level memory circuit 266. Next, the examiner 
presses the finger while wearing the glove 251 on the arm of the examinee, the averaging circuit 265 generates a 
voltage (V 0 + V d ), and a voltage V d corresponding to the finger pressure of the finger is outputted via the decrementor 
30 267. At the same time, the voltage AV corresponding to the pulse wave is outputted successively through the DC cut- 
off circuit 263, and the low pass filter 264. Further, the examiner can carry out his own examination based on finger 
feeling using the strain gages 252 - 254 disposed on the thin rubber glove 251 . The above circuit components 261 - 
267 arc provided to work with the strain gages 252, but similar circuit components are provided for the strain gages 
253, 254. 

35 [0096] The micro-computer 204 performs the following steps in accordance with the commands inputted through the 
keyboard 205. 

(1 ) Reading of the pulse waves by storing the sequenced digital signal of the radial artery pulses obtained through 
the A/D converter 203 in an internal waveform memory. 
40 (2) Averaging of the pulses taken at the three locations (Chun, Guan, Chi) and taken into the internal memory, and 

obtaining a corresponding radial artery pulse waveform. 

(3) Taking in of pulsing volume data. 

(4) Obtaining an equation to correspond with the above one pulse, and based on this equation, and calculating 
each parameter to correspond with an electrical model of the arterial system of the examinee. 

45 (5) Outputting the parameters obtained by parameter computation as circulatory dynamic parameter from an output 

device (not shown; for example, printer, display device etc.) 

[0097] The details of these processing steps will be explained under the explanation section for the operation. 

50 Chapter 2-1 -1 : With respect to the electrical model utilized in this pulse wave analysis apparatus 

(1) Lumped Four Parameter Circuit Model 

[0098] A four-element lumped circuit shown in Figure 12 is used for an electrical model simulating the circulatory 
55 arterial system of a human body. The elements of the electrical model are corresponding to four circulatory dynamic 
parameters: 

a blood flow momentum at the proximal section in the arterial system; 
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a vascular resistance due to blood flow at the proximal section in the arterial system; 
a vascular compliance; and 

a blood flow resistance at the distal section in the arterial system, 

5 which are based on the condition of the circulatory system, 

[0099] In the following, the relation between the four elements of the electrical model and the four parameters will 
be explained. 

Inductance L: 

10 

[0100] the blood flow momentum at the proximal section in the arterial system 

((10' 5 N) • s 2 /cm 5 ) or (dyn»s 2 /cm 5 ) 

15 

static electrical capacity C: 

the compliance at the proximal section in the arterial system (elasticity) 

20 (cm 5 /(10" 5 N)) or (cm 5 /dyn) 

[0101] The compliance refers to the elasticity of the blood vessels to signify their softness, electrical resistance Rc: 
the vascular resistance due to blood flow at the proximal section in the arterial system 

25 -5 5 5 

((10Vs/cm 5 ) or (dyn»s/cm 5 ) 

electrical resistance Rp: 

the vascular resistance due to blood flow at the distal section in the arterial system 

30 

((10" 5 N) • s/cm 5 ) or (dyn«s/cm 5 ) 

[0102] The electrical currents i, i p> i c , flowing in the various sections of the electrical model correspond to the blood 
35 flow rate (cm 3 /s) in the corresponding sections. The general voltages e(t), applied to the various sections of the model 
correspond to the pressure ((10 _5 N)/cm 2 or dyn/cm 2 ) at the aorta ascendens. The terminal voltage Vp of the static 
electrical capacity C corresponds to the blood pressure at the radial artery. 

(2) Approximate Formulas of Response in the Model 

40 

[0103] Next, the response of the electrical model will be theoretically explained with reference to Figure 12. Firstly, 
the following differential equation will be formed using the four parameters in the Model shown in Figure 12, 

45 e(t)=R c i + Ll; + v p (1) 

Here, the current i is: 



50 



i = ic + *p 



dt + R p 



(2). 



55 Therefore, the above equation (1 ) can be expressed as: 
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c(t)-LC— =8- 
dt 2 



R C C+ 



L 



R 



pJ 



dt 



R p/ 



(3). 



[0104] It is known that the general solution to a differential equation such as the above equation (3) is obtained from 
the sum of a particular solution satisfying equation (3) and a transient solution satisfying the following equation: 



0 = LC- 



dt 2 



^R C C+ — 



dt 



< R N 
1^ 

R P, 



(4)- 



[0105] Next, a method of solving the above equation (4) will be explained. Firstly, suppose that an attenuating wave 
v p is expressed as follows: 

v p = Ae st (5). 
Substituting the above equation (5) in the equation (4), 



;LCs 2 +| R C C+ — 



V R P, 



>v p =0 



(6). 



[0106] Here, we solve the above equation (6) for s as follows: 




2LC 



CO- 



|r c c + 



r 



PJ 



:4LC 



i R c 

R p , 



(8), 



then the value of the root in the equation (7) is negative, and the equation (7) will be expressed as follows: 
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10 here, 



20 and 



R,C + — 



'r c C+ — 



2LC 



= -a ± joj 



(9), 



75 



2LC 



l+R p R c C 
2LCR n 



(10) 



25 



RC + — 
R p. 



+ 4LC 



1 R c 

1+ — 
R p, 



2LC 



(11). 



30 [0107] Next, letting: 

A 1= LC (12), 

35 

L + R R C 

A 2 = ^-E- (13), 

p 

and 

40 

A 3 = — — - (14), 
45 each of the above equations (10) and (11) will be expressed as follows: 

a =2*; < 15 > 



50 

and 



[01 08] Thus, the value s is finally decided, and the solution satisfying the equation (4) can be obtained. In accordance 
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with the above analysis, the equation (5) is utilized as an approximate equation expressing the attenuating and vibrating 
components, included in the response wave of the electrical model. 

[0109] Next, the blood pressure waves at the aorta ascendens are modeled. Figure 13 shows general pressure 
waves at the aorta ascendens. Therefore, we approximate the pressure waves with triangular pulse waves shown in 
5 Figure 14. Letting the amplitude and the time be the voltages E 0 and E m and be the time tp and t p1 , the pressure 
waveform e(t) at a time t can be expressed as follows: 



w 



e(t) = E 0 +E m 



f 



(17), 



15 



when 0 < t < t p1 ; and 



e(t)=E 0 



(18) 



when t p1 < t < t p : 
20 where 



E 0 is the voltage to give minimum blood pressure; 
(E 0 + E m ) is the voltage to give a maximum blood pressure; 
t p is the period for one pulsation; and 
25 t p1 is the period from the point of rise to the minimum point of the blood pressure at the aorta ascendens. 

[0110] When the waveform e(t), expressed as the above equation (17) and (18), is inputted to the electrical model 
shown in Figure 12, the response waveform v p (t) is: 



30 



v p (t) - + B^l - ± j + D ml e- tt sin(o>t + 8,) (19) 



35 when0<t<t p1 , 

v p (t) = E mjn + D m2 e a(tV sin{co(t-t p1 )+G 2 } (20) 

40 and when t p1 <t<t p . 

[0111] The third term on the right in the equation (19) and the second term on the right in the equation (20) designate 
the attenuating components (corresponding to the equation (5)), and a and o> are given by the above equations (15) 
and (16). 

45 (3) The Relation between Each Element of the Model and Radial Arterial Waveform 

[0112] Next, other constants in the equations (19) and (20) excepting a and w will be discussed. Firstly, substituting 
equations (17) and (19) in the above differential equation (3), the following equation (21) can be obtained. 



55 
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(E min ^B)-l|R c C^lt 



+ < 



+ < 



LO(a 2 -<a 2 )D nU -aD 1Ifl 
( - , * 



coD, 



ml 



R C C+ — 



- 2LQxa)D na fe" 01 cos(cot + 6j 



[0113] For the equation (21) to be valid, the following conditions are necessary, 



(21). 



Eo + E B -|l+j* 



(E^+B) 



B 



= E 0 +A 3 B A 2 



(22), 



B 

"A 3 t b 



(23), 



LC(a 2 -a) 2 )-a 



f R A 



0 



(24) 



and 



FIX + ~ = 2LCa 
R p 



(25). 



[0114] Because a and o are given by the above equations (1 5) and (1 6), it is natural that a and u> satisfy equations 
(24) and (25). 

[0115] Secondly, substituting equations (18) and (20) in the above differential equation (3), the following equation 
(26) can be obtained: 
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E 0 



' R N 



LC(a 2 -o) 2 )D m2 -oD 



ml 



R « c+ F 



1 + — 



wD 



m2 



R C C + - 



-2LCacoD 



m2 



-WsinWt-t pl ) + 8 2 } 



(26). 



For the equation (26) to be valid, in addition to the equations (23) and (24), the following equation (27) must be satisfied 
that: 




(27). 



[0116] The constants in the equations (19) and (20) will be computed in accordance with the above equations (22)- 
(25) and (27) which define the differential equation (3). From equation (27), 



F - — 

min ~ a 
A 3 



[0117] While, from equation (23), B is expressed as follows: 



B= 



E m t, 



m l b 



A3V1 



[0118] Here, substituting the equation (29) in the equation (22), \ is expressed as follows: 



f _ A 3*pi + A 2 
ih 1 



(28). 



(29). 



(30). 



[0119] Next, the remaining constants D 1m , D 2m , ^ and G 2 are selected so that the radial arterial waveform v p can 
be contiguous at t = 0, t p1 , and tp. In other words, the values are selected so as to satisfy the following conditions (a)-(d). 

(a) the coincidence of v^t^) in the equation (19) with Vp^) in the equation (20) 

(b) the coincidence of v p (t p ) in the equation (20) with v p (0) in the equation (19) 

(c) the coincidence of the differential coefficient in the equation (19) with one in the equation(20) when t = tp 

(d) the coincidence of the differential coefficient it in the equation (19) at t = 0 with the differential coefficient in the 
equation (20) at the time t = t P 



[0120] That is , the values of D 1m and G 1 are as follows: 
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10 



15 



20 



25 



30 



]d u 2 + q< 2 2 

Plm= 11 M (3D- 



(0 



-1 D 11 

G^tan 1 ^ (32), 

U 12 

where 

Dn=(v 0 i-B-E ml > (33) 



D 12 = (v 01 -B-E mh ,)a + 5 + !g (34), 



Here, v 0 i is the initial value of v p and i 0 i is the initial value of i p when t = 0. 
[0121] Also, the values of D 2m and e 2 are as follows: 



D 2 m= 21 M 05) 



CO 



-1 D 21 



where 



9 2 =tan , F ^ (35), 

U 22 



D 2 i=(Vo2-E min )co (36) 



35 D 22 = (v 02 -E niin )a + -g (37). 

Here, v 02 is the initial value of v p and i^ is the initial value of i c when t = t^. The constants in the equation (19) and 
(20) are thus obtained. 

40 [01 22] Thirdly, by back-computing the angular frequency o> in the equation (1 6), the blood resistance R c at the artery 
center can be expressed as follows: 



L - 2R d VlC(1-co 2 LC) 



R c = — p -crr p ■ <">• 

[0123] The condition necessary to make the resistance R^. real and positive that: 

1 + (2<oR 0 C)' to'C 



-i^_,L,4- (40). 



[0124] Generally, the R p is at a level of about 10 3 ((10" 5 N) • s/cm 5 ) or (dyn»s/cm 5 ) and the C is about 10' 4 (cm 5 / 
(1 0 _5 N)) or (cm 5 /dyn), and because co is the angular frequency of the vibration component superimposed on the arterial 
55 pulse waves, the angular frequency o> can be considered to be over 1 0 (rad/s), and therefore the lower limit value of 
the equation (40) can be regarded as l/o^C. For simplification, L can be approximated by: 
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(41), 



then the resistance R c becomes: 




(42). 



Using equations (41) and (42), the attenuation constant a in the equation (15) is expressed as follows: 



1 



(43). 




Using the equations (41 )-(43) and either a, co or one of the four parameters, for example L, the other parameters Rc, 
Rp and C are expressed as follows: 



It is clear that the parameters of the model are finally decided by a, to and L based on the equations (44)-(46). 
[0125] Here, a and to can be obtained by the actual measured waveforms of the radial arterial pulse waves. On the 
hand, L can be computed from the stroke volume SV per one pulsation (beat). 

[0126] Next, the process of computing L based on the stroke volume SV will be explained. Firstly, the average E 01 
of the pressure wave at the aorta ascendens is given by 



(44>, 




(45), 




(46). 




(47). 



[0127] On the hand, the Rc, Rp, a, to and L are related by the following equation: 




aL + 



co L _ (a + co )L 
a a 



(48). 



[0128] Next, the average current through the four parameters model, that is the value of the average E 01 divided by 
(Rc + Rp), corresponds to an average value of a blood flow (SV/ y in the artery caused by the heart pulsing motion. 
Therefore, 



10 



15 
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where the (1333.22) is the coefficient for conversion in the pressure unit from (mmHg) to (dyn /cm 2 ). 
[0129] The given equation (49) is solved for L, then the following can be obtained to compute L from the stroke 
volume SV. 



L - 1333 ' 22 - W)sv (50) - 

[0130] It is possible to obtain the inductance L by measuring the blood flow rate to determine the value to correspond 
to the average current: 



t 



2 ). 



20 

in the above equation (49). The known methods of measuring the blood flow rate are impedance method and Doppler 
method. The Doppler method can be performed by either ultrasound or laser. 

(4) Expansion of the Electrical Model 

25 

[0131] Next, the Model shown in Figure 12 can be expanded to consider the pressure variations at the locations of 
Chun, Guan and Chi, then a circuit shown in Figure 26 is obtained. 

[0132] In this figure, the pressures at the aorta ascendens, Chi, Guan and Chun are expressed by the general volt- 
ages e 0 (t), e 1 (t), e 2 (t) and e 3 (t), respectively, and the inductance L 1 - L 3 , representing the inertia of the blood, the static 
30 electrical capacity C 1 - C 3 , representing the vascular compliance and the resistances R C1 - R C3 , representing the 
resistance of the blood vessels are connected between the voltage measuring terminals. 

[0133] Also, the electrical resistance R p in Figure 1 2 represents the vascular resistance in further distal blood vessels 
than the arterial distal blood vessel which are to be measured. Therefore, in the Model presented in Figure 26, the 
electrical resistance shown R p in Figure 12 corresponds to the combined impedance in the later stages of the circuit. 

35 For example, in Figure 26, if the combined impedance to the right side of the single dot line A-A* is equated to the 
electrical resistance Rp, the model in Figure 26 becomes the same as the Model in Figure 12. 
[0134] Therefore, in the Expansion Model shown in Figure 26, it is possible to obtain the values of the elements of 
the Expansion Model by the same technique employed in the Model in Figure 1 2. That is, if the combined impedance 
to the right side of the single dot line A-A' is equated to the electrical resistance Rp, according to the method presented 

40 above, the parameters Rc 1 , L 1 and C 1 are obtained on the basis of the waveforms of the general voltages e 0 (t) and ei 
(t), similarly the parameters Rc 2 , L 2 and C 2 are obtained on the basis of the waveforms of the general voltages e^t) 
and e 2 (t), and similarly the parameters Rc 3> L 3 , and Rp 3 are obtained on the basis of the waveforms of the general 
voltages e 2 (t) and e 3 (t). 

[0135] In the above explanation, the waveforms corresponding to the general voltages e^t)' e 3 (t) are assumed to 
45 represent the at-source blood pressure directly. However, in practice, the waveforms, generated in the blood vessels 
of the examinee, are changed while being propagated through the muscles, fat tissues and skin of the examinee before 
being detect by the strain gages 252 " 254. 

[0136] Therefore, in order to carry out more detailed analysis, it is necessary to consider the pressure waveforms. 
It is suggested that, in such a case, it would be suitable to provide a pressure waveform transformation circuits 270 " 

50 272 as shown in Figure 26. In the circuit 270, the numeral 273 represents a voltage follower circuit; 274, 275 are 
electrical resistances, 276 is a condenser. The electrical resistances 274, 275 simulate the blood pressure drop between 
the strain gage 254 and the location to correspond to the Chi of the artery of the examinee. The electrical resistance 
275 and the condenser 276 simulate the frequency response, i.e. the decay in the high frequency waveforms. The 
voltage follower circuit 273 is provided before the electrical resistance 274 because it is considered that the effects of 

55 the muscle, fat tissues and skin on the artery itself is slight. 

[0137] In this model, the voltage e^t) is transformed by the pressure waveform transformation circuit 270 and is 
detected as e^t). Therefore, to obtain the correct waveform of the voltage e 1( it is necessary to obtain the constants 
for each element in the pressure waveform transformation circuit 270. This is possible by applying sound signals of 
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various frequencies and waveforms to the examenee's arm, and analyzing the attenuation and changes in such sound 
signals. That is, because the configuration of the circuit of the pressure waveform transformation circuit 270 is the 
same as the Model shown in Figure 12, the same method can be used. Here, it should be noted that the values in the 
circuit 270 are not fixed, and change in accordance with the finger pressures of the examiner; therefore, it is preferable 
5 to record the results of applying various sound signals under various finger pressure on the examinee's arm, so as to 
relate the constants to the various pressing pressures. 

[01 38] The above descriptions provided an explanation of the relationship among the radial arterial waveforms, stroke 
volume and each of the elements in the electrical Model. The microcomputer 204 (See Figure 1 0) computes the values 
of the parameters in the model in accordance with the relationship presented in the foregoing. 

w 

Chapter 2-2: Operation of the Apparatus 

[0139] Figures 15 to 19 show flowcharts for the operation of the waveform analysis apparatus. Figure 20 shows the 
waveforms of the radial artery obtained by the averaging process, Figure 21 shows the comparison between the radial 
is artery waveforms W1 obtained by the averaging process and the radial artery waveforms W2 obtained by the parameter 
computation. The following explanations are provided with reference to these figures. 

Chapter 2-2-1 : Ordinary Computation Procedure 

20 (1) Reading of Pulse Wave Data 

[0140] The computation of the circulatory dynamic parameters is performed by: attaching the cuff belt S2 to the 
examinee as shown in Figure 11; attaching the pulse wave sensor S1 to the hand of the examiner; pressing down the 
switch 266a (see Figure 25); and inputting various commands through the keyboard 205. In response to these com- 
25 mands, the microcomputer 204 sends a command to begin measurements of the pulse waves to the pulse wave 
detection apparatus 201 . The pulse wave detection apparatus 201 receives the radial artery pulse wave signals through 
the strain gages 252 - 254, and the sequential digital signals expressing the radial pulse waves are outputted from the 
A/D converter 203, and the microcomputer 204 takes in the readings for a set period of time (about one minute). Thus 
the microcomputer 204 accumulates sequential digital signals of the plurality of waveforms of the pulsation's. 

30 

(2) Averaging Process 

[0141] Next, the microcomputer 204 computes an average waveform during the one-minute-period based on the 
plurality of waveforms of the radial artery, and stores this waveform as the representative waveform of the radial artery 
35 in the internal memory (step S1). At the same time, averaging is performed on the finger pressures detected via the 
decrementor 267 (see Figure 25). A representative waveform W1 of the radial artery stored in the memory is shown 
in Figure 20. 

(3) Stroke Volume Computation 

40 

[0142] When the above averaging process is completed, the microcomputer 204 sends out a command to activate 
the stroke pulsing volume determination device 202. The results of the measurement data per pulsation is forwarded 
to the microcomputer 204 (step S2). 

45 (4) Parameter Computation Process 

[0143] Next, the processing by the microcomputer 204 proceeds to step S3, and performs the parameter computation 
routine whose flowcharts are shown in Figures 1 6 and 1 7. With the execution of this routine, the routine of computing 
a and o (steps S1 09 and S1 1 7) shown in Figure 1 8, is executed for each of the Chun, Guan and Chi locations. With 
50 the execution of these a and a> computing routines, the w computing routine is performed (step S203). To simplify the 
explanation, it is assumed that the pressure waveforms corresponding to the electrical voltages e^t) - e 3 (t) in Figure 
26 are obtained directly from the strain gages 252 * 254. 
[0144] The following is an explanation of the routines described above. 

[0145] First, the microcomputer 204 examines the radial artery waveforms per pulse in the memory, and determines 
55 the first point in terms of the time t-j and blood pressure level y 1 corresponding to the maximum blood pressure; the 
second point P 2 in terms of the time t 2 and blood pressure level y 2 corresponding to the temporary drop in the blood 
pressure; and the third point P 3 in terms of the time t 3 and blood pressure y 3 corresponding to the next rise in the blood 
pressure. Also, the microcomputer 204 determines the time duration t p , the minimum blood pressure value E mjn (which 
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corresponds to the 1st term of each of the equations (3) and (4) ) with respect to one pulsation of the radial arterial 
waveforms in the memory (step S101). The above processing produces the following data, for example, necessary for 
the parameters computation. 



First Point 


t 1 = 0.104 s, 




123.4 mmHg 


Second Point 


t 2 = 0.264 s, 


y 2 = 


93.8 mmHg 


Third Point 


t 3 = 0.380 s, 




103.1 mmHg 


Pulse duration 


t p = 0.784 s 






Min. Press 


E min = 87.7 mmHg 






Stroke vol. 


SV= 103.19 cc/beat 







[0146] In this case, when the pulse waveform is such that it is difficult to distinguish the second point P 2 from the 
third point P 3 , then the times for the point P 2 and P 3 are chosen as 

t 2 = 2t 1( t 3 = 3t 1f 

and the blood pressure value is determined at these points. 

[0147] To simplify the calculations, using the value of the blood pressure y 0 at the point A shown in Figure 22, y 1 to 
y 3 are normalized in steps S102, 103, and the initial value of B is determined as: 




in step S104. 

[0148] Next, the optimum values of the B, t^ a and o> are obtained by the following steps. 

(a) First, B is varied between yo/2 to y 0 , and simultaneously is varied between tp/2 to t p at an interval of +0.1 , and 
the values of B, t^ a and <o are determined so as to minimize Vpjt^-y^ v p (t 2 ) - y 2 and v p (t 3 ) - y 3 . 

(b) For the values of B, tb, a and to, the values of B, t b , a and <o are determined so as to minimize the values of 
Vi) " yi« " Y2 and Vpty - y 3 - 

(c) Based on the values of the B and tb, repeat the steps (a) and (b) within the range of B 

B±0.05, t b ± 0.05 

(d) In the above process (a), (b) and (c), the value of a is varied in increments of 0.1 between 3 to 1 0 to calculate 
the optimum values of co for each a. The values of <o for a are determined so as to make 




by the binary method (refer to Figure 1 0). Furthermore, the values of v p are calculated with the initial value of v 01 = 0. 
According to the above procedure, the following example values are determined. 

a = 4.2 (s' 1 ); u> = 24.325 (rad/s); 

B = 27.2 (mmHg); t b =0.602 (s) 

(e) Next, the values of t p1 , E m and E 0 are calculated from the equations (28) - (30), and (44) - (46) in steps S123, 
S124. The results of this example is shown below. 



EP 0 630 608 B1 



t pl = 0.588 (s) 
E m = 46.5 mmHg 



E 0 = 90.3 mmHg 

10 (f) Next, using the equation (50), the value of L from the pulsing volume rate in step S125, and the remaining 

parameters are obtained from the equations (44) " (46) in step S1 26. The following examples values are obtained. 

L = 7.021 ((1 0" 5 N) • s 2 /cm 5 ) or (dyn»s 2 /cm 5 ) 
C = 2.407x1 0" 4 (cm 5 /(1 0" 5 N)) or (cm 5 /dyn) 
15 R c = 29.5 ((1 0' 5 N) • s/cm 5 ) or (dyn»s/cm 5 ) 

R p = 989.2 ((10- 5 N) • s/cm 5 ) or (dyn»s/cm 5 ) 

[0149] Also, total direct current resistance (averaging) value TPR (Total Peripheral Resistance) is obtained by the 
following equation. 

20 

TPR = R c + R p = 1018.7 ((10- 5 N) • s/cm 5 ) or (dyn*s/cm 5 ) 

(5) Output Processing 

25 

[0150] When the above discussed parameter processing is completed, the microcomputer 204 outputs the values 
of L, C, R c and R p from the output device in step S4. That is, for each waveform from the Chun, Guan, Chi sections, 
the above computation processes are performed, and the values of the parameters L 1 to L 3 , C t to C 3 , Rc 1 to Rc 3 
shown in Figure 26 are obtained. 
30 [0151] For confirmation, the parameter values computed are put in equation (40), then 

6.696 < L < 7.021 

35 is obtained, and the approximation by equation (41) appears to be proper. Also, as shown in Figure 21, the radial 
arterial waveforms calculated from the parameter values are quite similarto those actually observed by averaging over 
one minute period. 

Chapter 2-2-2: Continuous Computation 

40 

[0152] The pulse wave analysing means is provided with a timer, and it is possible to measure the circulatory dynamic 
parameters continuously over a prolonged period of time. To perform continuous measurements, the examiner inputs 
a command for continuous measurement through the keyboard 205. When the resulting step S4 (output process) 
shown in Figure 15 is completed, the timer is set, and after a set time has elapsed, the steps from S1 are re-executed, 
45 the parameters are computed in step S3, and the results are recorded in a recording medium in step S4. By repeating 
this process, the continuous computations of the parameters are performed. 

[0153] The examiner may alter the finger pressure suitably after each elapsing of a set time period. That is, in a 
general pulse examination, the examiner alters his finger pressure suitably to obtain information on various items, 
therefore the present embodiment may also be used in conjunction with such an examination procedure. By so doing, 
so it becomes possible to obtain various data in accordance with the varying finger pressures. 

Chapter 2-3: Variations 

[0154] The following variations may be practiced. 

55 

Variation (i) 

[0155] The circulatory dynamic parameters for the radial artery may be obtained without measuring the stroke vol- 
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ume, and assuming the value of L. To supplement lowering of the computational accuracy, the pulse wave analysing 
apparatus may be configured so as to have an overlap display of the computed and measured radial artery waveforms 
as shown in Figure 21 , and to have the examiner enter various values of L. Thereby, the examiner performs trial and 
error process of optimizing the value of L to obtain matching of the two waveforms. 

5 

Variation (ii) 

[0156] As a model of the radial artery waveform, a waveform shown in Figure 23, a step-and-ramp waveform may 
be chosen instead of a triangular waveform. This form is closer to the true waveform than the triangular waveform, and 
10 more accurate representation for the circulatory dynamic parameters is obtainable. 

Variation (iii) 

[01 57] In the foregoing, the dynamic parameters were obtained by means of equations and computations, the wave- 
's forms may be simulated by varying the parameters within ranges by a simulation circuitry, and the parameters which 
represent the measured waveforms most accurately may be outputted. In this case, more complex electrical models 
for the arterial system and for the pressure waveforms for the aorta ascendens may be chosen to obtain more accurate 
representation of the actual performance, and the measurement accuracy can be improved. 

20 Variation (iv) 

[0158] The measurement locations for the radial artery and the stroke volume are not limited to those shown in Figure 
1 1 . For example, by providing blood pressure sensor on the rubber glove 251 , both the radial arterial waveforms and 
the stroke volume may be determined simultaneously. In this case, the examinee does not need to roll up the sleeves, 
25 and it is more convenient, in some cases. 

[0159] Similarly, the stroke volume determination device may be made on arm, hand or finger on the arm opposite 
to the pulse taking arm. 

Variation (v) 

30 

[0160] In the foregoing, to simplify the explanation, the waveforms corresponding to the voltages e-| - e 3 were as- 
sumed to be obtained directly from the strain gages 252 ~ 254, but it is permissible to examine using a model that 
incorporates the model for the pressure waveform transformation circuits 270 - 272. 

35 Chapter 3: A diagnostic Apparatus based on Distortions in the Pulse Waveforms 

[0161] The present invention relates to a diagnostic apparatus, which may optionally be adapted for pulse wave 
analysis as described in this chapter. 

[0162] Next, a diagnostic apparatus according to a third embodiment of the present invention will be explained. This 
40 apparatus first determines the distortions of the detected pulse waveforms obtained from an examinee. 

[0163] The distortion in the waveforms refers to deviations from the "normal" pulse waveform shape of a living body, 
and the shape is obviously closely related to the conditions of the living body, and therefore, computations of distortions 
in the waveforms serve as an excellent guide to diagnostics. 

[0164] As will be described later in this Chapter, the waveform distortions are also related to the circulatory dynamic 
45 parameters described in Chapter2 f and therefore, computations of the waveform distortions will also serve as indicators 
for circulatory dynamic parameters, and will enable diagnosis to be performed based on computed distortions. 
[0165] In this Chapter, the relationship between waveform distortions and waveform types/circulatory dynamic prop- 
erties will be explained first, followed by the presentation of a diagnostic apparatus of a third embodiment which utilizes 
this relationship, and a variation of the third embodiment. 

50 

Chapter 3-0: Relationship between Distortion, Pulse Waveform Shape and Dynamic Parameters 

[0166] Before explaining the operations of the pulse wave diagnostic apparatus of this invention, the relationship 
between the waveform distortion, the pulse waveform shape and circulatory dynamic parameters will be explained with 
55 reference to the drawings provided on the basis of the inventors experience. 

[0167] In the following embodiment, the distortion factor d is defined as follows: 
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40 



55 



2 o 2 r> 2 

2 +Q 3 + " +Q n 



Ql 



where 



Q 1 is the amplitude of the fundamental wave; 
Q 2 is the amplitude of the 2nd harmonics; and 
Q n is the amplitude of the nth harmonics 

in the Fourier analysis of the pulse waves. 

Chapter 3-0-1 : Relationship between Waveform Distortion and Waveform Shape 

15 [0168] First, the relationship between the waveform distortion and waveform shapes of the pulse waves will be ex- 
plained. 

[0169] From a variety of shapes of pulse waveforms, those defined as Ping mai type, Hua mai type and Xuan mat 
type waveforms are typically illustrated in Figure 31 (A), (B) and (C), respectively. The graphs show blood pressure 
BP in mmHg plotted on the vertical axis and the time in seconds plotted on the horizontal axis. 
20 [0170] The Ping mai is typical shape of a healthy adult, and the waveform shown in Figure 31 (A) is from a 34-year- 
old male. The Ping mai type waveform is characterized by a gentle double peak waveform having a regular rhythm, 
and is free of irregularities. 

[0171] The Hua mai is caused by hemodynamic irregularities, and is symptomatic of an illness causing rapid pulsa- 
tions of the heart. A typical example shown in Figure 31 (B) is from a 28-year-old male patient. The Hua mai type 

25 waveform is characterized by a rapid rise and fall in the blood pressure, and by the steeply rising and falling second peak. 
[0172] The Xuan mai is caused by vascular hardening and is symptomatic of an illness including liver and kidney 
ailments. This waveform is associated with tensions in the autonomic nerve system to cause the walls of the blood 
vessels to stiffen, and the blood pulsations cannot be properly reflected in the pulse waveform. A typical example is 
shown in Figure 31 (C) which is taken from a 34-year-old male patient. The Xuan mai type waveform is characterized 

30 by a rapid rise followed by a gradual drop in the blood pressure over a period of time. 

[0173] Figure 32 is a bar graph showing the variations of the distortion factor d in Hua mai, Ping mai and Xuan mai 
waveform shapes, and shows the analytic results of many examinations (21 cases of Hua mai, 35 cases of Ping mai, 
22 cases of Xuan mai). 

[0174] It is shown that in the Ping mai type the pulsing pressure is centered around a distortion factor d at 0.907 with 
35 a deviation of ±0.05; in the Hua mai type, the distortion factor d is larger than the one of the Ping mat type at 1 .013 
with a deviation of ±0. 1 48; in the Xuan mai type, the distortion factor d is the smallest of the three types, and is centered 
around 0.734 with a deviation of ±0.064. 

[0175] The statistical significance of the distortion factors of the waveform types was analyzed by t-test, and it was 
found that the differences in the waveform shapes were statistically significant with uncertainty of less than 0.05. 



Chapter 3-0-2: Relationship between Waveform Distortion and Circulatory Parameters 



[0176] Second, the relationship between the waveform distortion and the circulatory dynamic parameters described 
in Chapter 2-1-1 will be explained. 
45 [0177] The relationships of the distortion factor d to the circulatory dynamic parameters are shown in Figure 33 to 
36. These data were taken from a experiment of 120 cases. Figure 33 shows the relationship of the distortion factor d 
to the proximal vascular resistance R c , which is expressed mathematically as: 

50 R c = 58.68.d" a394 

where the correlation coefficient r = -0.807 
[0178] Figure 34 shows the relationship between the distortion factor d and the distal vascular resistance R p which 
is expressed as: 



R p = 2321.e 0615d 
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where the correlation coefficient r = -0.418 
[01 79] Figure 35 shows the relationship between the distortion factor d and the momentum L, which is expressed as: 



where the correlation coefficient r = -0.774 
[0180] Figure 36 shows the relationship of the distortion factor d to the compliance C, which is expressed as: 

C= 10 (-1.607+3.342-d) 

where the correlation coefficient r = 0.764. 

15 Chapter 3-0-3: Relationship between Circulatory Parameters and Waveform Shape 

[0181] Just for, the relationship between the circulatory parameters and waveform shape will be explained. 
[0182] Figures 37 to 40 are bar graphs showing the four circulatory dynamic parameters for the three waveform 
types: Hua mai, Ping mai and Xuan mai. Figure 37 shows the proximal resistance R c for the three waveform types. 
20 The resistance is the smallest in the Hua mai type at 47.048+1 8.1 70 (1 0- 5 N)-s/cm 5 (dyn-s/cm 5 ). The next smallest is 
the resistance in the Ping Mai type at 92.037±36.494 (1 0 _5 N)-s/cm 5 (dyn-s/cm 5 ). The largest resistance is exhibited in 
the Xuan mai type at 226.093 ±61 .135 (10" 5 N)-s/cm 5 (dyn-s/cm 5 ). 

[0183] Figure 38 shows the distal section resistance R p for the three waveform types. In this case, the Hua mai type 
exhibits the smallest resistance at 1182.1±176.7 (10' 5 N)-s/cm 5 (dyn-s/cm 5 ); followed by the Ping mai type at 
25 1386.51228.3 (10 _5 N)-s/cm 5 (dyn-s/cm 5 ); and the Xuan type mai type exhibits the largest resistance at 1583.0+251 .0 
(10" 5 N)-s/cm 5 (dyn-s/cm 5 ). 

[0184] Figure 39 shows the momentum L of the blood flow for the three waveform types. The momentum is the 
smallest in the Hua mai type at 1 0.337 + 2.609 ((10' 5 N) • s 2 /cm 5 ) or (dyn • s 2 /cm 5 ); followed by that in the Ping mat 
type at 16.414 ± 4.604 ((1 0" 5 N) • s 2 /cm 5 ) or (dyn • s 2 /cm 5 ); and the largest L is in the Xuan mai type at 27.550 ± 5.393 

30 ((1 0' 5 N) • s 2 /cm 5 ) or (dyn • s 2 /cm 5 ). 

[0185] Figure 40 shows the compliance C for the three waveform types. The largest compliance is exhibited by the 
Hua mai type at (2.030 ± 0.554) • 10" 4 (cm 5 /(10- 5 N)) or (cm 5 /dyn); followed by the Ping mai type at (1 .387 ± 0.311) • 
10* 4 (cm 5 /(10" 5 N)) or (cm 5 /dyn); and the Xuan mai type has the smallest compliance at (0.894 ± 0.207) • 10 -4 (cm 5 / 
(10' 5 N)) or (cm 5 /dyn). The compliance C values for the three types of waveforms seem to be opposite to the other 

35 parameters, but the order of the parameters becomes the same for all the waveform shapes, when inverse values, 
1/C, of the compliance values are used. The relationship between the dynamic parameters and the three waveform 
types were subjected to the T-test, and the results were statistically significant with uncertainty of less than 0.05. 

Chapter 3-1 : Diagnostic Apparatus on the basis of the Waveform Shapes 

40 

[0186] Next, the diagnostic apparatus (i) of the third embodiment will be explained. This apparatus computes the 
distortion from the measurement data of the pulse waveforms, decides the shape on the basis of the distortion and 
performs diagnosis on the basis of the waveform shapes. 

[0187] Figure 27 is a block diagram showing the structure of this apparatus (i). The reference numeral 311 refers to 
45 a pulse wave detection device, and Figure 28 illustrates the method of detection. In Figure 28, S1 refers to a pressure 
sensor for detecting the radial arterial waveforms of an examinee. The numeral S2 refers to a cuff belt worn on the 
upper arm to measure blood pressure. The pulse wave detection device 311 modifies the radial arterial waveforms 
with blood pressure, and outputs the results as analogue electrical signals. In Figure 27, the numeral 313 refers to an 
A/D converter to convert the analogue signals outputted by the pulse wave detection device 31 1 to digital signals. The 
50 numeral 314 refers to a distortion calculator comprising a Fourier analyzer 315 and a distortion computation device 
317. The Fourier analyzer 315 includes microcomputers and others, and the analytical programs for Fourier analysis 
are stored in memories such as ROM. The Fourier analyzer 315 analyzes the digital signals outputted from the A/D 
converter 313, and outputs the amplitude of the fundamental waveform, the amplitude Q 2 of the second 
harmonics, .... and the amplitude Q n of the nth harmonics. The value of n is determined suitably depending on the 
55 amplitude of the nth harmonic distortion. 

[0188] The distortion calculator 317 calculates the value of the distortion based on the outputted amplitudes Q 2 
and Q n . The distortion value d is obtain from the expression: 
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d = 



2 ~ 2 ~ 2 

+ Q 3 +.»+Q n 



°1 



10 



15 



The numeral 319 refers to a waveform shape analyzer which determines the shape of the waveforms based on the 
distortion factor d outputted from the distortion calculator 314 such that: 



1.161 >d> 0,960 
0.960 > d > 0.854 
0.798 > d > 0.670 



defines the Hua mai type; 
defines the Ping mai type; and 
defines the Xuan mai type. 



The waveform shape analyzer 319 either outputs the results of the determination of the waveform type according to 
the above definitions, or displays or prints on an output device 321 that a waveform type is indeterminate. 
[0189] In this case, the diagnostic apparatus presented in Chapter 1 is used for diagnostics by storing data (potential 
illness) relating the waveform shapes to the conditions of the living body in the knowledge data base 26, and reading 
out data (i.e. diagnosis) to correspond with the results obtained from the waveform shape analyzer 319 of the third 
embodiment. 



20 



25 



30 



Chapter 3-2: Diagnostic Apparatus on the basis of the Circulatory parameters 

[0190] Next, the diagnostic apparatus (ii) of the third embodiment will be explained. This apparatus computes the 
distortion from the measurement data of the pulse waves; computes the circulatory parameters by the distortion; and 
performs diagnosis on the basis of these parameters. 

[0191] The apparatus (ii) is shown in Figure 29. In Figure 29, those components which are the same as in the ap- 
paratus (i) shown in Figure 27 are given the same reference numerals, and their explanations are omitted. 
[0192] The numeral 323 refers to a circulatory dynamic parameter calculator, and computes the values of the proximal 
section resistance R c , distal section resistance R p , the momentum L and the compliance C on the basis of the values 
of the distortion factor d calculated by the distortion calculator 314. The circulatory dynamic parameters are calculated 
from the following expressions. 



R c = 58.68-d 



-0.394 



35 



R p = 2321-e' 



-0.61 5d 



L=162.8.e 



2.585d 



40 



^4 



C= 10 (-1.607+3.342-d) 



45 



50 



The units are the same as in the previous expressions in Chapter 2-1-1 . 

[0193] As explained above, by utilizing the relationship equations, it will be possible to compute the circulatory dy- 
namic parameters without using the pulse wave analysis apparatus described in Chapter 2. It is obvious that the com- 
puted dynamic parameters are also applicable to the first embodiment described in Chapter 1 . 
[0194] The dynamic parameter calculator 323 determines the waveform type based on the dynamic parameters. 
[0195] In this apparatus (ii), the Hua mai type is defined by: 

28.878 <R C < 65.218 



55 



1 005.4 <R p <1 358.5 
7.647 <L <1 2.994 and 
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15 



20 



25 



30 



the Ping mai type is defined by: 



1 .476 X 1 0' 4 < C < 2.584 X 1 0* 4 , 



55.543 < R c <1 28.531 



1158.2 <FL <1614.8 
10 P 



11.810 <L <21.018and 



the Xuan mai type is defined by: 



1.076X10' 4 <C<1.698X10' 4 , 



1 64.958 <R C <287.228 



1332.0 <R p <1 834.0 



22.157 <L<32.943 and 



0.612X10' 4 <C<1.026X10" 4 . 



[0196] The dynamic parameter calculator 323 outputs the results of the determination through an output device 321 . 
[0197] It is obvious that the defined waveform types as parameters are also applicable to the first embodiment. 



35 Chapter 3-3: Diagnostic Apparatus on the basis of Waveform shapes and Parameters 



[0198] Next, the apparatus (iii) of the third embodiment will be explained. This apparatus computes the distortion 
from the measurement data of the pulse waves; by the distortion, computes the circulatory parameters and determines 
the waveform shape type; and performs diagnosis on the basis of these parameters and the shapes. 
40 [0199] This apparatus (iii) is shown in Figure 30. In Figure 30 ( those components which are the same as in the 
apparatus (i) or (ii) shown in Figure 27 or 29 are referred to by the same reference numerals, and their explanations 
are omitted. 

[0200] The reference numeral 325 refers to a comprehensive analyzer, and performs pulse wave analysis based on 
the entire results of the waveform shape analyzer 319 and the dynamic parameter calculator 323. For example, the 

45 waveform results by the waveform analyzer 31 9 and the parameters determined by the dynamic parameter calculator 
323 may be stored in a memory table in the comprehensive analyzer 325 for its use. The output results may be one 
of the three waveform shape types, or the names of the illness associated with that waveform. The output device 321 
displays or prints the results outputted from the waveform shape analyzer 31 9, from the dynamic parameter calculator 
323, from the comprehensive analyzer 325 and others. The user of the apparatus such as doctors and others are thus 

so able to obtain the diagnostic information regarding the examinee. 

[0201] Alternatively, a diagnosis may be performed in terms of the waveforms parameters in the first embodiment, 
determined on the basis of the waveform shape obtained from the waveform shape analyzer 319 and the circulatory 
dynamic parameters computed by the dynamic parameter calculator 323. 

g)20g] + ln^e third embodiment, the distortion factor d may be defined in terms of the mathematical expression 

55 -1 — -, or it may be defined in other ways, but the same relationship will be obtained. For example, the distortion 

factor^may be obtained by a method illustrated in Figure 41 . In this method, the pulse waves are inputted into a low- 
pass filter 351 and a highpass filter 354 to output a low frequency component v1 and a high frequency component v2. 
The outputted signals v1, v2 are passed through rectifier circuits 352, 355 and passed through smoothing circuits 
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(normally used LPF) 353, 356 to obtain direct current signals w1 , w2. The DC signals, w1 , w2 are forwarded to the 
division circuit 357 to obtain a value of the distortion factor d = w2/w1 . 

Chapter 4: Stress Level and Physiological Age Evaluation Apparatus 

5 

[0203] Chapter 4 of the specification does not disclose a diagnostic apparatus having a database. Chapter 4 does 
not support the invention of the claims. However, this chapter is included in the specification so as to assist the under- 
standing of the invention. 

[0204] Recently, stress and fatigue has come to be one of the main causes of adult sickness, and so called death 
10 due to overwork. If the conditions of stress and fatigue can be grasped, then through appropriate precautionary meas- 
ures taken at an early stage, the progression of the adult disease, and sudden death etc. can be prevented. 
[0205] Presently there are few examination methods which can detect stress, fatigue and often physiological and 
psychological problem of a human body. Moreover, of these few examination methods, there are none which enable 
simple examination. For example, some methods measure the contents of catecholamine or Cortisol included in the 
*5 blood or urine, as an indication of physiological stress. However with these methods, a blood sample or a special assay 
method is necessary. The methods are thus not simple methods which can be made every day. Moreover, there is a 
method which measures the urine concentration of adrenocortical hormone metabolism production as an indication of 
stress. However, this method also cannot be considered simple since a urine sample is required. Moreover, the reliability 
as an examination method has yet to be established. The so called Claris system diagnostic questionnaire of the B&M 
20 company was an established method of measuring psychological stress. However this diagnostic questionnaire had 
81 question items, thus imposing a heavy burden on the patient or the diagnostician at the time of questioning. Addi- 
tionally, there has been a need for a device whereby one can easily perform of his own physiological age as well as 
stress level. 

[0206] In view of the problems described above, the present inventors selected the peak points of the waveforms to 
25 be representative of the waveform parameters to be used in the determination of psychosomatic stress levels and 
physiological age, and produced a diagnostic apparatus. 

[0207] The application of the diagnosis of the present chapter is not limited to the stress level or physiological age, 
further the parameters are not limited to disclosed waveform parameters used to the diagnosis in the embodiment of 
the invention. For other diagnoses, some suitable diagnostic apparatus can be developed using the same approach 
30 as presented in the following. 

[0208] The peak points of the waveforms obtained by this diagnostic apparatus can be applicable to the first embod- 
iment for the waveform parameters. 

[0209] In this Chapter, the diagnostic apparatus not in accordance with the invention will be explained. 

35 Chapter 4-0: Pre-examinations 

[0210] The present inventor carried out the following pre-examinations when designing the device for stress evalu- 
ation. 

40 Chapter 4-0-1 : Characteristics for Substitutional Parameters 

[0211] In order to carry out the stress evaluation without imposing a heavy burden on the examiner or the procedure, 
substitute parameters for stress parameters such as blood plasma catecholamine values, which reflect the stress level 
are necessary. The present inventor observed that waveforms of pulse waves change, due to physiological stress, 
45 physiological age and psychological stress, and selected waveforms of pulse waves as candidates for parameters for 
use in stress evaluation. In the process, the radial arterial pulses of 53 examinees was measured, and the following 
information, i.e., the peak points (inflection points) of pulse waveform was collected as characterizing waveform pa- 
rameters to analyze the problem. 

50 (a) The period T 6 , which represents the time for one pulsation cycle from the rise of one pulsation (in the following, 

the time of this rise is referred to as the pulse wave initiation time) and the next pulsation rise. 

(b) The blood pressure values y 1 " y 5 , representing a maximum point P^ a minimum point P 2 , a maximum point 
P 3 , a minimum point P 4 , and a maximum point P 5 appearing successively in the pulse waves. 

(c) The elapsed periods T-, * T 5 , corresponding to time period from the pulse wave initiation time to the appearance 
55 of the respective points P 1 - P 5 . 

(Refer to Fig. 42 for the above) 



[0212] Moreover, the present inventor observed that conscious symptoms appear when the stress level became 
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high, and measured psychosomatic fatigue level using the psychosomatic fatigue level diagnostic questionnaire shown 
in Fig. 43. The questions in the diagnostic questionnaire were to ascertain whether the patients was conscious of the 
various symptoms which are prominent at high stress levels. The examinee selected one of; never, sometimes, often, 
or always as a reply to the questions. Here the points for the respective replies were: 

5 

never at "0"; 
sometimes at "1"; 
often at "2"; 
and always at "3". 

10 

With an affirmative reply to a question , that is to say, a higher reply level for the degree of consciousness of the symptom, 
proportionally higher points were obtained. The total points obtained for the patient's selected answers become the 
psychosomatic fatigue level M. 

15 Chapter 4-0-2: Reference Values for Stress Levels 

[0213] The blood plasma catecholamine value has been recognized in the past as a stress index of physiological 
stress. Therefore the blood plasma adrenaline densities AD (ng/ml), and the blood plasma nor adrenaline densities 
NA (ng/ml), in the blood of 53 examinees were measured, and became the reference value for the physiological stress 
20 of each of the examinees. 

[0214] For the psychological stress, a diagnostic questionnaire with 81 headings (B & M Claris System) was made 
for each of the examinees. The results of this became the reference value MS for the psychological stress level of the 
examinee. 

25 Chapter 4-0-3: Correlation Analysis 

[021 5] A correlation analysis was made among the respective parameters obtained for each examinee in the above 
Chapter 4-0-1 , and in the physiological stress level and psychological stress level obtained in the above Chapter 4-0-2. 

30 (1) Physiological Stress. 

[0216] Initially, in making a correlation analysis of the blood plasma catecholamine value, and the waveform param- 
eters, the following equation was obtained as a relationship equation with a high correlation coefficient V, 

35 NA(ng/ml) = -0.44(^^^+1 .07 (51) 

with main correlation coefficient r = 0.44 (probability p < 0.000001 , F value = 25.42). It was confirmed that with this 
equation as an indication of physiological stress level, the blood plasma nor adrenaline value could be estimated on 
40 the basis of the waveform parameters Tj and T 5 . The physiological stress level is calculated by calculating out the 
right side in equation (51). 

[0217] In making a correlation analysis including not only the waveform parameters but also the psychosomatic 
fatigue level M, the following relationship equation was obtained, 

45 

NA(ng/ml) = 0.46M + 0.24 ~ (52) 
T 1 

with r = 0.51 , (p < 0.000001 , F = 12.47). 
50 Also including the psychosomatic fatigue level M as a parameter in this way was confirmed to give a more accurate 
value for the estimation of the physiological stress level. In the present example, when it is possible to obtain the 
psychosomatic fatigue level M, the physiological stress level is calculated by calculating the right side in equation (52). 

(2) Psychological Stress 

55 

[0218] In making a correlation analysis of the reference value MS for the psychological stress, the waveform param- 
eters and the psychosomatic fatigue level M, the following equation was obtained as a relationship equation with a 
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high correlation coefficient. 



5 



MS = 0.45M+ 



O^ayTQ 
T 6 



-14.83 



(53) 



with r = 0.56, (p < 0.000001 , F = 21 .61). 
[0219] The psychological stress level is calculated by carrying out the right side calculation in equation (53). 

10 (3) Physiological Age 

[0220] When the correlation relationship between the age Y of the examinee, and the waveform parameters was 
investigated, it was found that a correlation coefficient existed between both. 



with r = 0.56, (p < 0.00000, F = 12.609). 

20 

Chapter 4-1 : Diagnostic Apparatus (i) 

[0221] Next, the diagnostic apparatus (i) will be explained. 

[0222] This apparatus performs diagnosis of physiological and psychological stress levels; and physiological age of 
25 the examinee on the base of the inputted parameters of his pulse waveforms. 

Chapter 4-1 -1 : Structure of the Diagnostic Apparatus (i) 

[0223] Fig. 44 shows the structure of the apparatus according to the apparatus (i). In this Figure, numeral 401 indi- 
30 cates a micro-computer, for controlling the operation of the respective components of the apparatus, and for carrying 
out a diagnosis of the physiological stress level, psychological stress level and physiological age according to the 
above equations (52), (53) and (54). Numeral 402 indicates a keyboard which is used as an input means for command 
of the micro-computer 401 , and for the input of parameters for diagnosis. Numeral 403 indicates a FDD (floppy disk 
drive unit) provided as a parameter input means in the case of a large number of examinees. The examiner installs a 
35 FD, on which is stored the parameters for the various examinees, into the FDD 403. Consequently, the parameters for 
all examinees can be transferred to the micro-computer 401 as a batch. The means for storage of the parameters to 
be inputted to the apparatus is not limited to a magnetic disk such as a floppy disk, and disks such as optical magnetic 
disks may be used. Numeral 404 indicates a display apparatus such as a CRT, which displays the messages and 
stress level diagnosis results output from the micro-computer 401 , for viewing by the examiner. Numeral 405 indicates 
40 a large capacity storage unit provided for storing the diagnosis results of the stress levels etc., and the parameters for 
use in the diagnosis, serially for each examinee. Numeral 406 indicates a printer for the output of diagnosis results 
such as stress level. 

Chapter 4-1 -2: Operation of the Diagnostic Apparatus (i) 

45 

[0224] On switching on the power supply to the diagnostic apparatus (i), an initialization process is carried out by 
the micro-computer 401 , and a menu screen for prompting the selection of either the keyboard 402 or the FDD 403 
for carrying out the parameter input, appears on the display device 404. The examiner inputs a command from the 
keyboard, and selects the desired input configuration. 

50 

(1) Parameter Input 

[0225] When the keyboard input configuration is selected, the examiner inputs successively by way of keyboard 402, 
the identification information for the examinee, the parameters necessary for evaluation, that is to say the waveform 
55 parameters and psychosomatic fatigue level obtained by the above fatigue level diagnostic questionnaire, and the 
year, month and day of collection of these parameters. This information is successively inputted to the buffer memory 
inside the micro-computer 401 . 

[0226] On the other hand, when the FDD input configuration is selected, the examiner inserts into the FDD 403, the 



15 



PW 4 ) 
T 6 



Y = -33.74CT 5 - T 4 ) + 61 .64 -1-8.0678 



+33.324 



(54) 
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floppy disk on which is stored the identifying information for each examinee, the parameters necessary for evaluation 
of stress level etc., and the year, month and day of collection of these parameters, and inputs a command from the 
keyboard 402 directing input from the floppy disk to the buffer memory. As a result, the information corresponding to 
each of the examinees on the FD is input sequentially from the FDD 403 to the buffer memory inside the micro-computer 
5 401. 

(2) Diagnosis of Stress Level (and the like) 

[0227] On completion of input of the above mentioned parameters, the parameters in the buffer memory for diagnosis 
10 of the stress of each examinee, are substituted into the above mentioned equations (52), (53) and (54) to obtain the 
physiological stress level, psychological stress level and physiological age for each of the examinees. The resultant 
physiological and psychological stress levels and physiological age for each of the examinees arc stored temporarily 
in the buffer memory. Furthermore, the stress level for each of the examinees and the parameters used for calculation 
of the stress levels are displayed for each examinee on the display device 404. 

15 

(3) Storage of Diagnosis Results 

[0228] On completion of the diagnosis, the examiner directs storage of the diagnosis results from the keyboard 402, 
so that the information in the buffer memory corresponding to each of the examinee, is successively written to the large 
20 capacity storage unit 405. Then, more specifically, with the present apparatus, the diagnosis results such as stress 
level, and the information used in the diagnosis are partitioned for each examinee, and stored. The information related 
to the respective examinees that is read from the buffer memory, is added to the end of the previously stored information 
corresponding to the respective examinees in the large capacity storage unit 405. 

25 (4) Print out of Diagnosis Results 

[0229] When the examiners inputs from the key board 402, the command for output of the diagnosis results, the 
micro-computer 401 sends the identification information and stress levels for each of the examinees which are stored 
in the buffer memory, to the printer 406 for print out. Furthermore, if the examiner inputs identification information for 

30 a specific examinee, together with a command for a time series display of the stress levels, the micro-computer 401 
reads from the large capacity storage unit 405, the stress levels obtained by a predetermined number of previous 
diagnosis corresponding to the selected examinee, and the collection year month and day of the parameters used in 
the stress diagnosis. The micro-computer 401 then generates data for printing a graph showing the time change of 
stress level, and sends this to the printer 406. As a result, the printer 406 prints out the stress level time changes for 

35 the selected examinee. 

Chapter 4-2: Diagnostic Apparatus (ii) 

[0230] Next, the diagnostic apparatus (ii). 
40 [0231 ] This apparatus (ii) , adds to the apparatus (i) described in Chapter 4-1 , a means for measuring the pulse wave 
of the examinee, and a means for detecting the waveform parameters from these pulse waves, thereby enabling the 
collection of parameters from the examinee, and stress evaluation to be carried out simultaneously. 

Chapter 4-2-1 : Structure of the Diagnostic Apparatus (ii) 

45 

[0232] Fig. 45 is a block diagram showing the structure of a diagnostic apparatus. In this figure, components corre- 
sponding to those of the apparatus (i) explained in Chapter 4-1 are indicated by the same symbols and description is 
omitted. 

[0233] In Fig. 45, numeral 41 1 indicates a pulse wave detection apparatus, which detects the radial pulse waveform 
50 by means of a pressure sensor attached to the examinee's wrist (not shown on the figure), and outputs a pulse wave 
signal (analog signal). Numeral 412 indicates a parameter sampling section, which processes signals under micro- 
computer 401 control, to extract waveform parameters necessary for diagnosis of the stress level, from the pulse wave 
signal output from the pulse wave detection apparatus 41 1 . Numeral 41 3 indicates a mouse, which is connected to the 
micro-computer 401 , and acts as a designation device when manually designating the waveform parameter, without 
55 using the parameter sampling section 41 2. 

[0234] The following is a description of the construction of the parameter sampling section 412, with reference to 
Fig. 46. In Fig. 46, numeral 501 indicates an A/D (analog/digital) converter which converts the pulse wave signal output 
by the pulse wave detector 41 1 , into a digital signal, in accordance with a sampling clock § of a fixed period, and outputs 
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this. Numeral 502 indicates a low pass filter which carries out processing to eliminate components of the successively 
output digital signal from the A/D converter 501 , that are above a predetermined cut-off frequency. The result is suc- 
cessively outputted as waveform values W. Numeral 503 indicates a waveform memory comprising a RAM (random 
access memory) which successively stores the waveform values W supplied by way of the low pass filter 502. Numeral 

5 511 indicates a waveform address counter which counts the sampling clock $ during the period when the waveform 
collection directive START from the micro-computer 401 is outputted. The count results are output as waveform ad- 
dresses ADR1 into which the waveform values W are to be written. Numeral 512 indicates a selector which selects 
the waveform addresses ADR1 output by the waveform address counter 511, when the manual output mode signal 
MAN is not outputted, and supplies these to the address input terminal of the waveform memory 503; and selects the 

10 read addresses ADR4 outputted by the microcomputer 401 , when the manual output mode signal MAN is outputted, 
and supplies these to the address input terminal of the waveform memory 503. 

[0235] Numeral 521 indicates a differentiating circuit which computes the time differentials of the waveform values 
W which are successively output from the low pass filter 502, and outputs these. Numeral 522 indicates a null cross 
detection circuit which outputs a null cross detection pulse Z when the time differential of the waveform value W is "0" 

15 due to the waveform value W being a maximum value or a minimum value. Numeral 523 indicates a peak address 
counter which counts the null cross detection pulse Z during the period when the waveform collection directive START 
from the micro-computer 401 is outputted. The count results are outputted as peak addresses ADR2. Numeral 524 
indicates an average movement computation circuit which computes, up to the present time point, the mean value of 
the time differential values of a predetermined number of previous waveform values W, which are outputted from the 

20 differentiating circuit 521 , and outputs the result as slope information SLP which shows the slope of the pulse waves 
up until the present time point. Numeral 525 indicates a peak information memory (to be discussed later) for storing 
peak information. 

[0236] The micro-computer 401 carries out the following control steps based on the information inputted from the 
respective elements described above. 

25 

(1) Peak Information Editing 

[0237] The differentiation circuit 521 , and the null cross detection circuit 522 inside the parameter sampling section 
412, obtain the following listed information for each detection of a waveform peak point. This information is written to 
30 the peak information memory 525 as peak information. 

Contents of the Peak Information 

(1)-1 : Waveform value address ADR1 : 

35 

[0238] This is the write address ADR1 which is output from the waveform address counter 51 1 at the time point when 
the waveform value W outputted from the low pass filter 502, becomes a maximum or minimum value. That is to say, 
the write address in the waveform memory 503 for the waveform value W corresponding to the maximum or minimum 
value. 

40 

(1)-2: Peak classification B/T: 

[0239] This is information which indicates whether a waveform value W written to a waveform value address ADR1 
is a maximum value T (Top), or a minimum value B (Bottom). 

45 

(1)-3: Waveform value W: 

[0240] This is the waveform value corresponding to the maximum value or the minimum value. 
so (1)-4: Stroke STRK: 

[0241] This is the change portion of the waveform value, from the immediately preceding peak value to the present 
peak value. 

55 (i)-5: Slope information SLP: 



[0242] This is the mean value of the time differential of the predetermined number of previous waveform values up 
until the present peak value. 
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[0243] On the stress level diagnosis, the microcomputer 401 shirts to the following operational mode. 

(a) Automatic Diagnosis Mode 

5 [0244] Reads the storage contents of the peak information memory 525, generates the waveform parameters, and 
carries out the stress level diagnosis in a similar manner to that of the first working diagnostic apparatus (i). 

(b) Manual Designation Mode 

w [0245] Displays the waveform stored in the waveform memory 503 on the display device 404, detects the waveform 
peak point designated by operator mouse operation, and carries out the computation of the waveform parameters and 
diagnosis of the stress level, on the basis of the results. 

Chapter 4-2-2: Operation of the Diagnosis Apparatus (ii) 

15 

[0246] The following is a description of the operation of the Diagnosis apparatus. 

(a) Automatic Diagnosis Mode 

20 (a)-(1) Collection of Waveform and Peak Information 

[0247] Initially, on input by way of keyboard 402 of a command to obtain the stress level, the micro-computer 401 
outputs a waveform collection directive START, and releases the reset of the waveform address counter 51 1 and the 
peak address counter 523, in the parameter sampling section 412. 

25 [0248] As a result, the waveform address counter 511 starts counting the sampling clock and the count value is 
supplied via the selector 512, to the waveform memory 503 as a waveform address ADR1 . The radial arterial pulse 
waveform detected by the pulse wave detector 41 1 is input to the A/D converter 501 , and converted sequentially into 
a digital signal according to the sampling clock <{>, and then outputted sequentially as waveform values W, via the low 
pass filter 502, The waveform values W outputted in this way are supplied sequentially to the waveform memory 503, 

30 and written to a memory area designated by the waveform address ADR1 at that time point. By means of the above 
operation, one row of waveform values W corresponding to the radial pulse waveform illustrated in Fig. 48, are stored 
in the waveform memory 503. 

[0249] Detection of the peak information, and writing to the peak information memory 525 is carried out in parallel 
with the above operation as described below. 

35 [0250] Initially the time differential of the waveform value W output from the low pass filter 502, is computed by the 
differentiating circuit 521 . This time differential is then input to the null cross detection circuit 522 and the mean move- 
ment calculating circuit 524. The mean movement calculating circuit calculates the mean value (that is to say mean 
movement value) of the predetermined number of previous time differentials for each time differential value of this type 
of waveform value W supplied, and the calculated result is output as slope information SLR Here, when the waveform 

40 value W is increasing or has a maximum condition after increasing, a positive value is outputted as the slope information 
SLP, while when decreasing or with a minimum value after decreasing, a negative value is output as the slope infor- 
mation SLP. 

[0251] On output of the waveform value W corresponding to the maximum point Pi as shown in Fig. 48, from the low 
pass filter 502, a H 0 B for the time differential is outputted from the differentiating circuit 521 , and a null cross detection 

^5 pulse Z is outputted from the null cross detection circuit 522. 

[0252] As a result, the micro-computer 401 fetches, the waveform address ADR1 being the count value of the wave- 
form address counter 51 1 , the waveform value W, the peak address ADR2 being the count value of the peak address 
counter (in this case ADR2 = "0"), and the slope information SLP, for that time point. Due to the output of the null cross 
detection signal Z, the count value ADR2 of the peak address counter 523 becomes "2". 

so [0253] Subsequently, the micro-computer 401 creates a peak classification B/T based on the symbol of the fetched 
slope information SLP. In this case, since positive slope information is outputted at the time point when the waveform 
value W for the maximum value P 1 is outputted, the micro-computer 401 sets the value of the peak information B/T to 
one corresponding to a maximum value. The micro-computer 401 then designates the peak address ADR2 (in this 
case ADR2 = 0) as fetched from the peak address counter 523, as the write address ADR3, and writes the waveform 

55 value W, the waveform address ADR1 corresponding to the waveform value W, the peak classification B/T, and the 
slope information SLP, into the peak information memory 525 as first peak information. In the case of writing the first 
peak information, since there is no peak information immediately prior to this, then the creation and writing of stroke 
information is not carried out. 
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[0254] Subsequently, on output of a waveform value W corresponding to the minimum point P 2 as shown in Fig. 48, 
from the low pass filter 502, a null cross detection pulse Z is outputted in a similar manner to the above, and the write 
address ADR1 , waveform value W, peak address ADR2 (=1), and the slope information SLP (< 0) are fetched by the 
micro-computer 401 . Subsequently, the micro-computer 401 determines the peak classification BfT (in this case bottom 

5 B) based on the slope information SLP in a similar manner to the above. Moreover, the micro-computer 401 supplies 
an address that is one smaller than the peak address ADR2, to the peak information memory 525 as a read out address 
ADR3, and reads out the first written waveform value W. Then, the micro-computer 401 calculates the difference be- 
tween the waveform value W fetched this time from the low pass filter 502, and the first waveform value W read from 
peak information memory 525, to obtain the stroke information STRK. The peak classification B/T, and stroke informa- 

10 tion STRK obtained in this way are written together with other information ADR1 , W, slope information SLP, as second 
peak information, to an area corresponding to the peak address ADR3 =1 of the peak information memory 525. The 
subsequent operations for when the peak points P 3 , P 4 etc. are detected, are carried out in a similar manner. 
[0255] Then after the elapse of a predetermined period, the output by the micro-computer 401 , of the waveform 
collection directive START is stopped, terminating collection of the waveform values W and peak information. 

15 

(a) -(2) Waveform Parameter Sampling 

[0256] Prior to waveform parameter extraction, the micro-computer 401 carries out a process to specify information 
corresponding to waveforms of one wave length, for collecting the waveform parameters from amongst the various 

20 information stored in the peak information memory 525. 

[0257] Initially the slope information SLP and stroke information STRK corresponding to respective peak points P^ 
P 2 etc. are successively read out from the peak information memory 525. After this, stroke information corresponding 
to a positive slope (that is to say corresponding to slope information SLP with a positive value) is selected from amongst 
the respective stroke information STRK. Then, from amongst this stroke information, a predetermined number of higher 

25 rank stroke information having large values is further selected. After this, one corresponding to a middle values is 
selected from amongst the selected stroke information STRK, and the stroke information is obtained for the rising part 
of the pulse wave of one wave length portion which is to be subjected to waveform parameter extraction, for example 
the rising portion indicated by symbol STRKM in Fig. 48. Subsequently the peak address one prior to the peak address 
of the said stroke information is obtained. That is to say, the peak address of the start point P 6 of the pulse wave of 

30 the one wave length portion which is to be subjected to waveform parameter extraction. 

[0258] Next the micro-computer 401 refers to the respective peak information in the peak information memory 525, 
which corresponds to the pulse wave of one wave length portion, and computes respective peak information for sub- 
stitution into the beforementioned computational equations (51) - (54). For example the following information. 

35 y.,: y 1 is the waveform value y 1 corresponding to peak point P 7 . 

T 1 : T 1 is calculated by subtracting the waveform address corresponding to peak point P 6 from the waveform address 
corresponding to peak point P 7 , and multiplying the result by the period of the sampling clock <j). 
T 4 • T 6 : T 4 * T 6 are calculated in a similar manner to T-, , based on the difference between the waveform addresses 
of the respective peak points. 

40 

[0259] The respective parameters obtained in this way are stored in the buffer memory. 

(b) Manual Directive Mode 

45 [0260] With the diagnostic apparatus (ii), it is possible to set a manual directive mode (a) using keyboard 402 oper- 
ation, in addition to the above automatic diagnosis mode. When this manual directive mode is set, the examiner can 
designate by operation of a mouse, the peak points of the pulse waves necessary for the calculations of the waveform 
parameters. That is to say, according to the following. 

[0261] In the manual directive mode, after outputting the waveform collection directive START for a predetermined 
50 time, the micro-computer 401 outputs a manual mode signal MAN. Then, read addresses ADR4 increasing successively 
from "0" are output by the micro-computer 401 , and supplied to the waveform memory 503 by way of the selector 51 2. 
Radial pulse waveforms stored in the waveform memory 503 are thus read out and displayed on the display device 404. 
[0262] Through operation of the mouse 41 3, the examiner moves the cursor position on the display device 404, and 
successively indicates the first point and last point of the pulse wave, and the various maximum and minimum points 
55 of the pulse wave with a click input. The micro-computer 401 detects the mouse operation, reads from the waveform 
memory 503 digital signals corresponding to the first point and last point, and the respective maximum and minimum 
points of the pulse wave designated by the examiner, and extracts the necessary waveform parameters (see the above 
equation (52) and (53)) from the read out information, and stores these in the buffer memory. 
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(c) Psychosomatic Fatigue Level Input 

[0263] On completion of the waveform parameter collection through either of the above (a) or (b) mode, the micro- 
computer 401 displays the psychosomatic fatigue level diagnostic questionnaire shown in Fig. 43 on the display device 

5 404 in accordance with the keyboard or mouse directive of the examiner The examinerthen makes a question diagnosis 
of the examinee corresponding to the displayed questions diagnosis table, and inputs the examinees response to the 
micro-computer 401 by mouse 413 operation. Here the question diagnosis may be a dialogue form of input. That is to 
say, each question on the diagnostic questionnaire is displayed one at time, or outputted as a voice, and the answer 
corresponding to this can take the format of examinee input by a keyboard or the like, to the micro-computer 401 . The 

10 micro-computer 401 calculates the psychosomatic fatigue level on the basis of the input answers, and writes the result 
into the buffer memory. 

[0264] All of the information necessary for this stress evaluation is arranged in the buffer memory as above. The 
micro-computer 401 makes a stress level diagnosis based on the information stored in the buffer memory, and thereafter 
the results are outputted and stored under the directive of the examiner in a similar manner to the apparatus (i) in 
15 explained in Chapter 4-1 . 

Chapter 4-3: Diagnostic Apparatus (iii) 

[0265] Next is a description of a diagnostic apparatus (iii). This stress level diagnostic apparatus has a color display 
20 device (not shown in the figure) as a stress level display means, in addition to the construction to the apparatus (ii) 
explained in Chapter 4-2. The micro-computer 401 in this apparatus, after calculating the physiological stress level 
and the psychological stress level, determines the display color according to the illustrated table of Fig. 49, and displays 
this on the color display unit. 

[0266] The physiological stress level, psychological stress level and physiological age are obtained and these may 
25 be color displayed. In this case, rather than the two dimensional table shown in Fig. 49, a three dimensional display 
defining colors corresponding to the respective combinations of physiological stress level, psychological stress level 
and physiological age, can be used to determine the display color. 

[0267] With the present apparatus, the combined stress levels of the physiological stress level and psychological 
stress level are indicated by the display color of the color display device. Hence even the general public, who have no 
30 judgment basis with respect to numerical values of stress level, can easily confirm their own stress level. 

[0268] With the above apparatus, the examinee can use it as an automatic system for diagnosing his/her own stress 
level, without the need for a examiner such as a doctor 

Chapter 4-4: Variation of the Fourth Embodiment 

35 

[0269] The fourth embodiment is not limited to the above diagnostic apparatuses (i) to (iii). For example, a number 
of variations such as given below are also possible. 

Apparatus (iv) 

40 

[0270] With the above apparatuses, both the waveform parameter and the psychosomatic fatigue level are used as 
parameters, and both the physiological stress and the psychological stress diagnosis performed. However, it is also 
possible to have a construction wherein only the physiological stress or physiological age are evaluated based on only 
the waveform parameter according to equation (51) or equation (54). In this case, since the effort of input of the psy- 
45 chosomatic fatigue level is omitted, use of the apparatus is simplified. 

Apparatus (v) 

[0271] In the above respective apparatuses, the stress level is performed of diagnosis on the basis of the examinees 
so radial arterial pulse wave. However, the arterial pulse wave can be measured at locations from the radial portion to the 
finger portion, and the stress level diagnosis performed on the basis of this arterial pulse wave. 

Apparatus (vi) 

55 [0272] In the above apparatus (iii), a structure was adopted wherein the stress level etc. was made visible by means 
of display colors. However, the stress level display means is not limited to this. For apparatus, in a situation wherein 
the examinee recognizes the stress level in a visual sense, the stress level may be represented by the shading of the 
display color. It is also possible to display character information describing the stress level. Moreover, the display is 
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not limited to visual methods of expression, and it may be possible to have a method wherein the stress level is ex- 
pressed by appealing to a sense of hearing. For example, the pitch, volume, and tone of the sound may be changed 
depending on the stress level etc., and played to the examinee. Also, a voice output explaining the evaluation results 
of the stress level etc. is possible. Music may be provided corresponding to the stress level etc., such as bright music 

5 when the stress level is low and gloomy music when the stress level is high. 

[0273] In Chapter 4, the apparatus for performing diagnosis for the stress level and the physiological age were pre- 
sented. Utilizing the method used in the above apparatus, a diagnostic apparatus for other subjects can be structured. 
[0274] In this case, the waveform parameters which have the highest correlation for the diagnostic subject may be 
used. For example, the dynamic circulatory parameters described in Chapter 2, the pulse waveform spectrum described 

10 in Chapter 1 , and so on, may be used as waveform parameters. 

[0275] The means for obtaining the wavefom parameter used to diagnose is not limit to the above apparatuses, and 
may be selected so as to be favorable to obtaining required parameter. 

[0276] For example, there are two methods to obtain the circulatory dynamic parameters; using the electrical model 
in Chapter 2, and computing the distortion factor of pulse waveform in Chapter 3. Either of the two methods may be 

15 favourably selected by considering the operational speed, accuracy, and so like for requirement. 

[0277] As explained, diagnosis for the stress level can be accurately performed considering the psychosomatic fa- 
tigue level. Similarly, there are cases when a diagnosis may be more accurately performed by the taking the conscious 
symptom of the examinee into consideration. In this case, by adding inputting means for inputting conscious symptoms 
in the diagnostic apparatus, diagnosis may be performed based on both the inputted conscious symptom and waveform 

20 parameter of the pulse wave. 

[0278] Moreover, depending on the diagnostic subjects, there are cases when it is wanted not only simply the name 
of disease but also the seriousness of the disease and outputting the computed degree. In such a case, using visual 
data (color, density and so on) and/or the audio data (music, voice and so on), diagnostic apparatus may express and 
output the degree of seriousness of the disease (stress level in the diagnostic apparatus of the fourth embodiment). 

25 Diagnosis for each predetermined period may depend on the diagnosis contents. 

Chapter 5: Pulse Wave Analyzing Apparatus for Analyzing Spectrum Pulse waves 

[0279] The present invention relates to a diagnostic apparatus, which may optionally be adapted for pulse wave 
30 analysis as described in this chapter. 

[0280] Recently, pulse diagnosis has come to the public attention, resulting in intensified research to explore the 
health condition of the body based on pulse waves. As general waveform analyzing techniques, there are techniques 
such as the FFT frequency analysis technique, and pulse wave analysis using this type of frequency analyzing tech- 
nique is under investigation. 

35 [0281] A pulse waveform is not the same shape for all pulses, and changes moment by moment. Moreover, the 
wavelength of each pulse wave is not constant. A technique has been considered wherein a pulse wave having such 
chaotic (random) behaviour is considered as a waveform having an extremely long period, and subjecting it to a Fourier 
transformation. With such a technique, a detailed waveform spectrum can be obtained, however, since the amount of 
computation becomes immense, the technique is not suited for use in rapidly obtaining the spectrum of pulse waves 

40 occurring moment by moment. If wave parameters representing the characteristics of the separate waves making up 
the pulse wave can be obtained continuously, then a much greater amount of information relating to a living body can 
be obtained. However a device to meet such requirements is presently not available. 

[0282] Therefore, the one of objectives is to provide an apparatus for analyzing the characteristic of each individual 
pulse waves rapidly. Furthermore, the fifth embodiment enables higher performance to be achieved in the various 
^5 apparatuses presented in Chapter 1-3 and 5. 

[0283] In the following, the pulse wave analysis apparatus will be explained. 

Chapter 5-1 : Pulse Wave Analyzer (i) 

50 [0284] This analyzer performs computation of spectrum of pulse waves for each pulsation. 

Chapter 5-1 -1 : Structure of the Analyzer (i) 

[0285] Fig. 50 shows the structure of a pulse wave analyzer. As is shown in the Fig. 50, the pulse wave analyzer 
55 comprises a pulse wave detector 601 , an input unit 602, an output unit 603, a waveform sampling memory 604, a 
frequency analyzing unit 605 and a micro-computer 606 which controls all of these. 

[0286] The pulse wave detector 601 comprises a strain gauge or the like, which can be pressed against an examinee's 
radial artery to detect the pressure, and output this as a pulse wave signal (analog signal). The input unit 602 is a 
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device provided for command input such as a keyboard to the micro-computer 606. The output unit 603 comprises a 
printer, display devices and other. These devices come under the control of the micro-computer 606 and store, display 
etc. the pulse wave spectrum obtained from the examinee. The waveform sampling memory 604, under control of the 
micro-computer 606, successively records the waveform signals output from the pulse wave detector 601 , and also 

5 extracts and stores information showing the change points in the pulse wave signal, that is to say the point of change 
from a pulse wave corresponding to one pulse to the pulse wave corresponding to the next pulse. The detail structure 
of the waveform sampling memory 604 is same as the structure of the waveform sampling section 412. 
[0287] The frequency analyzing unit 605 gives a repeating high speed playback of the pulse wave signal stored in 
the waveform sampling memory 604, for each pulsation, and obtains and outputs the spectrum making up the pulse 

10 wave for each pulsation. Fig. 51 shows details of the construction. The pulse wave spectrum for each respective 
pulsation obtained from the frequency analyzing unit 605, is fetched by the micro-computer 606 and outputted from 
the output unit 603. 

Chapter 5-1-1-1: Structure of the Waveform Sampling Memory 604 

15 

[0288] The waveform sampling memory 604 may use the parameter sampling section 412 with its signals and infor- 
mation shown in Fig. 46. The explanation of the waveform sampling memory 604 is omitted to avoid duplication. It is 
maintained that the manual output mode signal MAN shown is replaced with the select signal S11 , and the numeral 
401 is replaced with 606 for the micro-computer 

20 

Chapter 5-1-1-2: Structure of the Frequency Analyzing Unit 605 

[0289] Next is a detailed description of the construction of the frequency analyzing unit 605, with reference to Fig. 
51 . The frequency analyzing unit 605 receives, a waveform value WD for a pulse wave from the waveform memory 
25 503 in the waveform sampling memory 604, by way of the micro-computer 606. The received waveform value WD is 
repeatedly played back at high speed, and the frequencies are analyzed for each pulse to compute spectrums for the 
pulse waves. Moreover, the frequency analyzing unit 605 serially computes respective spectrums which construct the 
pulse waves, in the order of an initial basic spectrum of the pulse wave, following by the second harmonic wave spec- 
trum, and so on. 

30 [0290] When the first waveform value WD for the waveform of one pulse component is output to the frequency 
analyzing unit 605, the micro-computer 606 outputs a synchronizing signal SYNC and an integer N of the waveform 
value WD which is included in that pulse, and changes the select signal S12. Furthermore, during the output of the 
waveform value WD for one pulse component, the micro-computer 606 successively outputs write addresses ADR5 
changing from "0" through to "N-1 ", synchronously with the transfer of the respective waveform values WD. 

35 [0291] Buffer memories 201 , and, 202 are provided for storing the waveform values WD outputted from the micro- 
computer 606. A distributor 721 takes a waveform value WD for a pulse wave from the sampling memory 604 supplied 
via the micro-computer 606, and outputs this to one of buffer memory 701 or 702 as designated by a select signal S1 2. 
Furthermore, a selector 722 selects from the buffer memories 201 , 202, the buffer memory designated by the select 
signal S2, and a waveform value WH read from the selected buffer memory is outputted to the high speed playback 

40 unit 730 (to be described later). Selectors 711 and 71 2 select the write addresses ADR5, or the read addresses ADR6 
(to be mentioned later) generated by the high speed playback unit 730, according to the select signal S1 2, so that each 
is supplied to the respective buffer memory 701 and 702. 

[0292] By switching control the above described distributor 721 , selector 722, and 701 and 702 on the basis of the 
select signal S12, data is read from the buffer memory 702 and supplied to the high speed playback unit 730, while 
45 writing data to buffer memory 701 and while writing data to the buffer memory 702, data is read from the buffer memory 
701 and supplied to the high speed playback unit 730. 

[0293] The high speed playback unit 730 is a means for reading from the buffer memories 701 and 702 the waveform 
values corresponding to the respective pulses. The read addresses ADR6 are changed in the range from "0" to "N-1" 
(where N is the number of waveforms to be read). More specifically, the high speed playback unit 730 generates read 

50 addresses ADR6 during the period when each waveform value WD corresponding to a certain pulse is being written 
to one buffer memory, and repeatedly reads over a number of times from the other buffer memory, all the waveform 
values WD corresponding to the pulse before that pulse. At this time, the generation of the read addresses ADR6 is 
controlled so that all of the waveform values WD corresponding to one pulse are read out normally within one fixed 
period. The period for reading all of the waveform values for one pulse is changed to correspond to the level of the 

55 spectrum to be detected, with a change to T when a basic wave spectrum is detected, a change to 2T for a second 
harmonic spectrum, a change to 3T for a third harmonic spectrum, and so on. Moreover, the high speed playback unit 
730 has an internal interpolator which interpolates the waveform values WH read from the buffer memory 701 or 702, 
and outputs this as a waveform value of a predetermined sampling frequency m/T (m is a predetermined integer). 
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[0294] A band pass filter 750 Is a filter having a central frequency of a predetermined value 1 /T. A sine wave generator 
740 is a variable frequency waveform generator and comes under control of the micro-computer 606. It sequentially 
outputs respective sign waves of periods T t 2T, 3T, 4T, 5T and 6T corresponding to the spectrum level to be detected. 
A spectrum detection unit 760 detects respective pulse amplitudes Hi to H6 of each spectrum of the pulse wave, on 
5 the basis of the output signal level from the band pass filter 750, and detects the respective spectrum phases G 1 to G 6 
on the basis of the difference between the phase of the band pass filter 750 output signal and the phase of the sine 
wave output by the sine wave generator 740. 

Chapter 5-1 -2: Operation of the Analyzer (i) 

10 

[0295] The following is a description of the operation of the analyzer shown in Figs 46, 50 and 51 . 
[0296] Initially, on input of a frequency analysis start command from the input unit 602, a waveform collection directive 
START is outputted by the micro-computer 606, and the waveform address counter 51 1 and the peak address counter 
523 the inside the waveform sampling memory 604 are reset. 

15 

(1) Waveform Division 

[0297] As a result, the waveform address counter 51 1 starts counting the sampling clock and the waveform sam- 
pling memory 604 carries out in a similar manner of the waveform section 41 2 explained at the index (a)-(1 ) in Chapter 
20 4-2-2. 

[0298] In other words, the waveform values W output in this way are supplied sequentially to the waveform memory 
503, and written to a memory area designated by the waveform address ADR1 at that time point P 1 to P 3 . 
[0299] In this analyzer, when the STRK is above a predetermined value, or more specifically, when the STRK is 
considered sufficiently close to correspond to that for the rising portion of the pulse wave (STRKM in Fig. 48), then the 
25 micro-computer 606 reads the waveform address for the minimum value stroke start point (STRKM start point P 6 in 
Fig. 48) from the peak information memory 525, and writes this to the internal shift register. The subsequent operations 
for when the peak points P 3 , P 4 etc. are detected, are carried out in a similar manner. 

(2) Wave Shape Transfer 

30 

[0300] In parallel with the above operation, the micro-computer 606 successively reads the waveform values from 
the waveform memory 503 inside the waveform sampling memory 604, and transfers these to the frequency analyzing 
unit 605 as waveform data WD. The operation is described below with reference to Figs. 52 and 53. 
[0301 ] As shown in Fig. 53, the select signal S1 1 is changed synchronously with the clock phase, and the waveform 

35 memory 503 synchronously, carries out a mode switching between the write mode and read mode. 

[0302] In Fig. 52, when the waveform value of the pulse wave W n of one pulse portion corresponding to a certain 
pulsation, is inputted to the waveform memory 503, then at first the null cross detection signal Z is generated at the 
time point of input of the initial minimum value of the pulse wave corresponding to the pulse. That waveform address 
ADR1= Aq is written to the peak information memory 525 (see Fig. 53). After this, on input of the maximum value 

40 (address A^ into the waveform sampling memory 604, again a null cross detection signal Z is generated (see Fig. 53). 
When the stroke between the maximum value and the immediately preceding minimum value (address A 0 ) is above 
a predetermined value, the address Ao of the minimum value is written to the shift resistor (not shown in the figure) 
inside the micro-computer 606. The waveform address written in this way, is then outputted from the shift resistor with 
a delay equivalent to two pulsations, and fetched to the micro-computer 606 as the initial address of the waveform 

45 value WD of the one pulse portion to be transferred to the frequency analyzing unit 605. That is to say, in Fig. 52, on 
writing the address W n of the maximum value of the pulse wave W N corresponding to the certain pulsation, into the 
shift register, the starting address of the pulse wave W n . 2 read into the same shift resistor two pulses earlier (address 
of the first maximum value), is outputted from the shift register, and detected by the micro-computer 606. 
[0303] At this time point, the micro-computer 606 refers to the contents of the shift register and obtains the difference 

so amount, from the waveform address for the first minimum value of the pulse wave W n _ 2 until the address of the first 
minimum value of the next pulse wave W^. That is to say the number N of waveform values included in the pulse 
wave W n-1 of the single pulse portion is obtained. This is then outputted together with the synchronizing signal SYNC 
to the frequency analyzing unit 605. Moreover, the internal connection conditions of the distributor 721 , selector 711 
and 71 2, and selector 721 are changed, for example to the solid line conditions in Fig. 51 , by changing the select signal 

55 S1 2 which is synchronized with the synchronizing signal SYNC. 

[0304] Subsequently, the micro-computer 606 successively increases the read address ADR4 from the waveform 
address of the first minimum value of the pulse wave W n . 2 , and supplies this to the waveform memory 503 by way of 
the selector 512. Here the read address ADR4 is changed at a faster speed (for example two times the speed) than 
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is the write address ADR1 . This is so that all the waveform values corresponding to the pulse wave W^ which is prior 
to the pulse wave , can be read out before the maximum value of the pulse wave W n+1 of the pulse after the pulse 
wave W n is input to the waveform sampling memory 604. In parallel with the storage of the pulse wave W n in the 
waveform memory 503, the micro-computer 606 reads the waveform value WD for the pulse wave W^ two pulses 

5 prior, from the waveform memory 503, and transfers these values to the frequency analyzing unit 605, and successively 
supplies the values to the buffer memory 701 by way of the distributor 721 . The write address ADR5 is successively 
increased from "0" to "N-1", synchronously while the waveform values WD are successively supplied to the buffer 
memory 701 , and these write addresses ADR5 are supplied to the buffer memory 701 by way of the selector 711 . As 
a result, the respective waveform values WD corresponding to the pulse wave W n _ 2 , are stored in the respective storage 

10 areas for the addresses "0" to "N-1 ", in the buffer memory 701 . 

(3) High Speed Playback 

[0305] In parallel with the above operation, the high speed playback unit 730 outputs the read addresses ADR6, and 
15 supplies these to the buffer memory 702 by way of the selector 71 2. 

[0306] As a result, the respective waveform values WD corresponding to the pulse wave W^ one pulse prior to the 
pulse wave W n _ 2 are read out from the buffer memory 702, and fetched to the high speed playback unit 730 by way of 
the selector 722. 

[0307] Here, the respective waveform values WD corresponding to the pulse wave W^ inside the buffer memory 
20 702, are repeatedly read over a plurality of cycles at a higher speed than the speed at which the respective waveform 
values corresponding to the pulse wave W^ are stored in the buffer memory 701 . At this time, the incrementing speed 
of the read address ADR6 is controlled so that the waveform values WD1 corresponding to the pulse wave W^ are 
all read out within a specified period T That is to say, the high speed playback unit 730 increments the read address 
ADR6 at a higher speed when the number of waveform values WD to be read from the buffer memory 702 has a large 
25 N1 value as shown in Fig. 54. On the other hand, in the case of a small N2 value as shown in Fig. 55, the read address 
ADR6 is incremented at a slower speed, so that the read address ADR6 changes the "0" to "N1-1" or "0" to "N2-1" 
segment within the specified period T. The waveform value WD successively read out in this way is subject to an 
interpolation operation in the high speed playback unit 730, and on attaining a waveform value WH of a specified 
sampling frequency m/T, is supplied to the band pass filter 750. 

30 

(4) Spectrum Detector 

[0308] The band pass filter 750 selects and passes a signal of frequency 1/T from the time series data for the wave- 
form WH, and supplies this to the spectrum detection unit 760. On the other hand, the sine wave generator 740 gen- 

35 erates a sine wave having a period T as shown in Fig. 56, and supplies this to the spectrum detection unit 760. The 
spectrum detection unit 760 detects the output signal level from the band pass filter 750 over several waves, and 
outputs a representative value as the basic wave spectrum amplitude H 1 of the pulse wave W n . 3 . It also detects the 
phase difference between the output signal phase of the band pass filter 750, and the output sine wave phase from 
the sine wave generator 740 over several waves, and outputs the representative value as the basic wave spectrum 

40 phase 0 1 for the pulse wave W^. From these respective representatives values, are calculated for example the output 
signal level corresponding to the respective waves immediately before output of the basic wave spectrum, and the 
mean movement value of the phase difference. 

[0309] Next, the high speed playback unit 730 sets the incrementing speed of the read address ADR6 to 1/2 in the 
case of basic wave spectrum detection, so as to read all of the waveform values for the pulse wave W n _ 3 within the 

^5 specified period 2T. It also repeatedly reads out the waveform values WH corresponding to the pulse wave W^, and 
supplies these to the band pass filter 750 (see Fig. 56). Then a signal of frequency 1/T, in the time scale data constituting 
the waveform value WH, that is to say the signal corresponding to the second harmonic of the pulse wave W^, is 
passed by the band pass filter 750, and supplied to the spectrum detection unit 760. As a result the amplitude H 2 of 
the second harmonic spectrum of the pulse wave W^, is detected by the spectrum detection unit 760, and is outputted. 

50 [031 0] On the other hand, the sine wave generator 740 generates a sine wave having a period 2T, and supplies this 
to the spectrum detection unit 760 (see Fig. 56). As a result, the phase G 2 of the basic wave spectrum of the pulse 
wave W^g is outputted by the spectrum detection unit 760. 

[0311] After this, in the case of the basic wave spectrum, the increment speed of the read address ADR6 is succes- 
sively changed as 1/3, 1/4, 1/5, 1/6. The period of the sine wave generated by the sine wave generator 740 is also 
55 successively changed in conformity as 3T, 4T, 5T, 6T, and an operation similar to the above carried out. The amplitudes 
H 3 to H 6 and phases G 3 to 6 6 of the 3rd to 6th harmonic spectrums, are output from the spectrum detection section 
760. The respective spectrums for the pulse wave W^ obtained in this way are fetched by the micro-computer 606. 
[0312] The micro-computer 606 then computes the frequency: 
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of the basic wave, using the number N of waveform values WD corresponding to the pulse wave W n _ 3 and the period 
5 x of the clock <(>, and outputs this together with the above-mentioned spectrum, from the output section 603. 

[0313] Subsequently, the pulse wave W n+1 one pulsation after the pulse wave W n> rises, and on input of the initial 
maximum value into the waveform sampling memory 604, the micro-computer 606 generates a synchronized signal 
SYNC and outputs the number N of the waveform values WD included in the pulse wave W^. Furthermore, the select 
signal S12 is inverted so that the internal connection conditions in the distributor 721, selectors 711 and 712, and 
10 selector 721 become those shown by the broken line in Fig. 51 . Moreover, in parallel with storage of the pulse wave 
W n+1 in the waveform memory 503, the micro-computer 606 reads from the waveform memory 503, the waveform 
values WD for the pulse wave W^ two pulses prior, and transfers these to the frequency analyzing unit 605, and 
successively supplies them to the buffer memory 702 by way of the distributor 721 . On the other hand, in parallel with 
this operation, the high speed playback unit 730 reads from the buffer memory 701 , the respective waveform values 
15 WD corresponding to the pulse wave W^ one pulsation prior to the pulse wave W^.,, and then outputs these as 
waveform values WH after interpolation by the high speed playback unit 730. A similar processing to that for pulse 
wave W^, is then carried out on the waveform values WH corresponding to the pulse wave W^. and the spectrum 
obtained. 

[0314] Subsequently, the successively arriving respective pulse waves are processed in a similar manner to the 
20 above, and the spectrums forthe respective pulse waves are obtained in succession and are outputted from the output 
unit 603, as waveform parameters corresponding to the individual pulses. 

Chapter 5-2: Pulse Wave Analyzer (ii) 

25 [0315] In the analyzer (i) explained in Chapter 5-1, the waveform data stored in the waveform memory 503, was 
played backed as pulsations and the pulse wave spectrum computed for each pulsation. In contrast to this, with the 
present analyzer (ii), a technique is used such as that proposed by the present inventor in Chapter2. With this technique, 
the values for respective elements of the electrical model, modeled on the arterial system dynamics of an examinee, 
are obtained on the basis of the pulse waves obtained from the examinee, and the results used as condition indicating 

30 parameters. 

[0316] The Model considers four parameters of the factors deciding the behavior of the human circulatory arterial 
system; namely the moment due to the blood flow in the arterial system proximal section, the vascular resistance due 
to the blood viscosity in the proximal section, the compliance of the blood vessels (viscous elasticity) at the proximal 
section, and the vascular resistance at the distal section, and models these four parameters as an electrical model. 

35 The details of the model have described in Chapter 2-1 . 

[0317] In the present analyzer (ii), the micro-computer 606 by way of the selector 722, successively writes to one of 
the buffer memories 701, 702, the waveform data corresponding to the respective pulses, and reads from the other 
buffer memory which is not being written to, waveform data corresponding to one pulse. It then simulates the operation 
of the four parameter model at the time an electrical signal corresponding to the pressure wave at the arterial beginning 

40 section is applied thereto, estimates the values for the various parameters of the electrical model so as to output 
waveforms corresponding to the waveform data read from the buffer memory 701 or 702, and outputs the calculated 
results as waveform parameters. The values forthe various parameters in the electrical model can be obtained through 
trial and error by changing the values for the parameters and repeating the simulation operation. However it is also 
possible to use the technique described in Chapter 2. Moreover, the dynamic circulatory parameters may be obtained 

45 from the distortion of the pulse waveform described in Chapter 3. 

Chapter 5-3: Variation of the Fifth Embodiment 

[0318] The fifth embodiment is not limited to the above analyzers (i) and (ii). For example, a number of variations 
50 such as given below are also possible. 

Analyzer (iii) 

[031 9] In the above analyzer (i) described in Chapter 5-1 , the frequency analysis of the pulse wave was carried out 
55 by hardware. However the present embodiment is not limited to this, and frequency analysis may be carried out with 
software executed by the micro-computer 606. Furthermore frequency analysis methods such as DFT (Discrete Fourier 
Transform), FFT (Fast Fourier Transform) and the like may be suitable. 
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Analyzer (iv) 

[0320] In the above respective Analyzers (i) and (ii) described in Chapter 5-1 and 5-2, the waveform parameters 
corresponding to the respective pulsations were outputted in real time as they were each obtained. However the output 
s method for the waveform parameters is not limited to this method. For example the micro-computer 606 can compute 
the mean sum value of the waveform parameters for a predetermined number of pulsations and output this. Moreover, 
the micro-computer 606 can calculate the mean sum value of the waveform parameters of the predetermined number 
of previous pulsations, that is to say, the mean movement value of the waveform parameters, and output this in real time. 

10 Analyzer (v) 

[0321] In Chapter 5-1 and 5-2, the above respective analyzers (i) and (ii) for carrying out analysis of the radial pulse 
has been described. However the object of analysis of the present invention is not limited to only the radial pulse. For 
example it may also be applicable to fingertip pulse waves etc. and other types of pulse waves. 

15 

Analyzer (vi) 

[0322] Many parameters apart from those given in the respective examples can be considered as waveform param- 
eters of the pulse wave. When the pulse wave analyzer according to the present invention is used for diagnosis, the 
20 waveform parameters can be changed to obtain those suitable for the diagnosis. For example, in Chapter 4, the present 
inventor proposed an apparatus for obtaining an examinne's stress level based on the amplitude and phase of the 
peak points appearing in the pulse wave. With the apparatus according to the above embodiment, information related 
to the peak points can be obtained from the pulse waves corresponding to each pulse, and used for evaluation of stress 
levels. 

25 [0323] in the present invention, the living body refers to the body of the examinee to be subjected to diagnosis or 
analysis, but the living body is not necessarily limited only to a human body. The basic principle outlined in the present 
invention should be equally applicable to animal bodies. 

[0324] Furthermore, the present invention is not limited by the embodiments presented in Chapter 1-3 and Chapter 
5. Various other modifications or applications are possible within the scope of the claims. 

30 

Claims 

1 . A diagnostic apparatus, comprising: 

35 

database means (26) for relationally storing diagnosis results representative of a plurality of different living 
body diagnostic disorder conditions and parameter data representative of a respective plurality of living body 
pulse waves, wherein relationships between said diagnosis results and said parameter data are predetermined 
by an examiner through an independent diagnosis of at least one first living body and measurement of respec- 
40 tive pulse waves of said at least one first living body; and 

diagnosis means (21) for receiving parameter data representative of a pulse wave measured from a location 
on at least one living body subject to diagnosis and for matching said received parameter data with parameter 
data representing pulse waves in said database and for outputting a diagnostis result related to said matched 
parameter data stored in said database (26). 

45 

2. A diagnostic apparatus according to claim 1 , further comprising: 

living body condition input means (25) for inputting into said database said diagnosis results representative 
of a plurality of living body disorder conditions and parameter data representative of a respective plurality of 
so living body pulse waves related to each of said plurality of body disorder conditions. 

3. A diagnostic apparatus according to claim 1 or claim 2 wherein the diagnosis results indicate a relationship between 
pulse waves represented as parameter data and medical therapeutic data. 

55 4. A diagnostic apparatus according to any one of the preceding claims, wherein said database means is adapted 
to store diagnosis results related to parameter data representing multiple pulse waves corresponding to a plurality 
of pulse wave measuring locations on a living body, and 

said diagnosis means receives parameter data representative of multiple pulse waves measured from a 
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plurality of locations on at least one living body subject to diagnosis for matching said received parameter data 
with parameter data representing pulse waves in said database and for outputting a diagnosis result related to 
said matched parameter data stored in said database. 

5 5. A diagnostic apparatus according to any one of the preceding claims, wherein the diagnostis means is adapted 
for outputting a diagnosis result of a living human body. 

6. A diagnostic apparatus according to any one of the preceding claims, further comprising pulse wave detector 
means for detecting a pulse wave from a location on said living body for output to said diagnosis means. 

10 

7. A diagnostic apparatus according to any one of claims 1 to 5, further comprising a pulse wave analyzing apparatus, 
said pulse wave analyzing apparatus comprising: 

pulse wave inputting means for inputting information representing a radial arterial pulse wave of said living 
15 body; and 

analyzing means for: 

(1 ) utilising an electrical model simulating the arterial system from the proximal section to the distal section 
of said living body; 

20 (2) entering an electrical signal representing the pressure waveform at the proximal section into said mod- 

el; 

(3) computing the values of the elements of said model so as to duplicate the actual pulse wave inputted 
from the pulse wave inputting means; and 

(4) outputting these computed values for parameter data. 

25 

8. A diagnostic apparatus according to claim 7, wherein said pulse wave inputting means is a pulse wave detecting 
means for detecting the pulse wave of said living body non-invasively. 

9. A diagnostic apparatus according to claim 7, wherein said pulse wave inputting means is a reading means for 
30 reading out information representing a radial arterial pulse wave from a storage media. 

10. A diagnostic apparatus according to claim 8, wherein said pulse wave analyzing apparatus is provided with re- 
cording means for recording the computation results performed by said analyzing means, and wherein said pulse 
wave detecting means is adapted to repeatedly detect radial arterial pulse waves, and said analyzing means is 

35 adapted to repeatedly compute the values each of the elements in said electrical model based on the detected 

arterial pulse waveforms. 

11. A diagnostic apparatus according to claim 8, wherein said analyzing means is adapted to: 

40 (1) utilise a lumped four parameter circuit model as an electrical model simulating the arterial system of a living 

body from the proximal section to the distal section, wherein said lumped four parameter circuit model com- 
prises the elements: 

(i) a first resistor simulating the vascular resistance due to blood flow viscosity in said proximal section of 
45 said arterial system; 

(ii) an inductor simulating the blood flow momentum in said proximal section of said arterial system; 

(iii) a capacitor simulating the vascular elasticity in said proximal section of said arterial system; and 

(iv) a second resistor simulating the vascular resistance due to blood flow viscosity in said distal section 
of said electrical circuit; wherein 

50 

a series circuit in series with said first resistor and said inductor, and a parallel circuit in parallel with the 
capacitor and said second resistor, are successively arranged in series between a pair of input terminals of 
said lumped four parameter circuit model; and 

(2) enter an electrical signal representing the pressure waveform at the proximal section into said model; and 
55 compute the values of the elements of said model so as to duplicate the actual pulse wave detected from the 

radial artery of said living body. 

12. A diagnostic apparatus according to claim 1 1 , wherein said pulse wave analyzing apparatus is provided with stroke 
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volume detecting means for detecting the stroke volume per pulsation of the arterial system in said living body; 
and wherein said analyzing means is adapted to: 

compute the value of said inductor on the basis of said stroke volume, and 
5 compute the values of said first resistor, said capacitor and said second resistor on the basis of the computed 

value of said inductor, the angular frequency and the attenuating rate of said actual blood pressure waveforms. 

13. A diagnostic apparatus according to claim 11 , wherein said pulse wave analyzing apparatus is provided with blood 
flow volume detecting means for detecting the blood flow volume of said living body; and wherein said analyzing 

10 means is adapted to: 

compute the value of said inductor on the basis of said blood flow volume, and 

compute the values of said first resistor, said capacitor and said second resistor on the basis of the computed 
value of said inductor, the angular frequency and the attenuating rate of said actual blood pressure waveforms. 

15 

14. A diagnostic apparatus according to claim 11, wherein an electrical signal corresponding to one pulse wave at the 
proximal section is expressed in terms of a waveform e(t) having a period tp; wherein said waveform e(t) is defined 
by: 

e(t)=E 0+ E m {1-(t/t p1 )} 

for a period of 0 < t <t p1 ; and by 

e(t) = E 0 fort p1 <t<t p ; 
wherein: 

30 E 0 is the voltage to give a minimum blood pressure; and 

E m is the difference between the voltages to give maximum and minimum blood pressures. 

15. A diagnostic apparatus according to claim 8, 

wherein said pulse wave detecting means is adapted to detect multiple pulse waves at 
35 wherein said analyzing means is adapted to enter electrical signals representing the pressure waveforms at 

the proximal section into said model; and to compute the values of the elements of said model so as to duplicate 
the actual multiple pulse waves detected from the radial artery of said living body. 



20 



25 



40 



45 



55 



16. A diagnostic apparatus according to claim 8, wherein said pulse wave detecting means comprises: 

a thin film device member adapted to be disposed on a finger of an examiner; and 
a pressure sensor disposed on said thin film device member. 

17. A diagnostic apparatus according to claim 8, wherein said pulse wave detecting means comprises: 



(1) a pulse wave sensor comprising a thin film device member adapted to be disposed on a finger of an 
examiner; and a pressure sensor disposed on the thin film device member; 

(2) DC component detecting means for detecting the DC components in the detection signals from said pulse 
wave sensor; 

so (3) AC component detecting means for detecting the AC components in the detection signals from said pulse 

wave sensor; 

(4) memory means for storing the output results from said DC component detection means; and 

(5) decrementing means for outputting the value of the difference between the data stored in said memory 
means and the detection results of said DC component detecting means. 



18. A diagnostic apparatus according to claim 8, wherein the parameter data from said analyzing means are written 
to a storage media. 
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1 9. A diagnostic apparatus according to any one of claims 1 to 5, further comprising a pulse wave analyzing apparatus, 
said pulse wave analyzing apparatus comprising: 

pulse wave detecting means for detecting a pulse wave from a living body; 

distortion computing means for computing a pulse wave distortion factor of the detected pulse wave by said 
pulse wave detecting means; and 

waveform determining means for determining said parameter data on the basis of the computed distortion 
factor by said distortion computing means. 

20. A diagnostic apparatus according to any one of claims 1 to 5, further comprising a pulse wave analyzing apparatus 
comprising: 

pulse wave inputting means for inputting information representing a pulse wave of a living body; 

distortion computing means for computing a pulse wave distortion factor from said information representing 

a pulse wave; and 

parameter obtaining means for obtaining said parameter data on the basis of the computed distortion factor 
by said distortion computing means. 

21. A diagnostic apparatus according to claim 20, wherein said pulse wave analyzing apparatus is provided with a 
reading means for reading out said information representing a pulse wave from a storage media. 

22. A diagnostic apparatus according to claim 20, wherein said pulse wave inputting means is a pulse wave detecting 
means for detecting the pulse wave of a living body non-invasively. 

23. A diagnostic apparatus according to claim 20, wherein said pulse wave analyzing apparatus is provided with writing 
means for writing said parameter data into a storage media. 

24. A diagnostic apparatus according to any one of claims 1 to 5, further comprising a pulse wave analyzing apparatus, 
said pulse wave analyzing apparatus further comprising: 

pulse wave detecting means for detecting a pulse wave from a living body; 

analyzing means for outputting peak point data or timing data of a peak point of the pulse wave detected by 
said pulse wave detecting means as parameter data. 

25. A diagnostic apparatus according to claim 24, wherein said analyzing means comprises: 

differential means for differentiating the pulse wave detected by said pulse wave detecting means; 
inflection detecting means for detecting a timing when an output from said differential means is "0"; and 
count means for counting a sampling clock, 

and said analyzing means is adapted to output peak point data or timing data for a peak point for said parameter 
data, on the basis of: the count value by said count means; and the amplitude of said pulse wave detected by 
said detecting means when the output from said differential means is "0". 

26. A diagnostic apparatus according to claim 24, wherein said analyzing means comprises: 

display means for displaying the pulse wave detected by said pulse wave detecting means; and 
designating means for designating a peak point of the pulse wave displayed in said display means, 
and said analyzing means outputs peak point data or timing data of a peak point for said parameter data, on 
the basis of the designated peak point by said designating means. 

27. A diagnostic apparatus according to any one of claims 1 to 5, further comprising a pulse wave analyzing apparatus, 
said pulse wave analyzing apparatus further comprising: 

waveform storage means for successively storing sequential data of pulse waves of a living body according 
to a predetermined writing speed; 

playback means for dividing said sequential data into sequential data each corresponding to one pulsation, 

and reading each of the divided sequential data from said waveform storage means; and 

analyzing means for computing said parameter data for pulse waves corresponding to each pulsation, based 
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on sequential data corresponding to each pulsation and read from said playback means. 

28. A diagnostic apparatus according to claim 27, wherein said analyzing means is adapted to compute the spectrum 
of said sequential data, and output this as said parameter data. 

5 

29. A diagnostic apparatus according to claim 28, wherein said playback means is adapted to repeatedly read out said 
sequential data over several times at a read out speed higher than said writing speed. 

30. A diagnostic apparatus according to claim 29, wherein said playback means is adapted to read out said sequential 
10 data for one pulsation from said waveform storage means at a speed proportional to the data length thereof, and 

said analyzing means is adapted to detect the spectrum of the frequency of one integer component of the read 
out period of said sequential data corresponding to one pulsation. 

31 . A diagnostic apparatus according to claim 30, wherein said playback means is adapted to successively change 
15 the readout speed to correspond to a level of the respective spectrum to be detected, and said analyzing means 

is adapted to detect for each change, the spectrum of a fixed frequency of one integer component of the read out 
period of said sequential data corresponding to one pulsation. 

32. A diagnostic apparatus according to claim 31, wherein said pulse wave analyzing apparatus is provided with a 
20 sine wave generating means for generating and outputting a sine wave signal having said fixed frequency of one 

integer component of the read out period of the sequential data corresponding to one pulsation, and said analyzing 
means is adapted to detect the phase of said spectrum on the basis of said sine wave signal. 

33. A diagnostic apparatus according to claim 27, wherein said analyzing means is adapted to: 

25 

(1) utilise an electrical model simulating the arterial system from the proximal section to the distal section of 
a living body, 

(2) enter an electrical signal representing the pressure waveform at the proximal section into said model; 

(3) compute the values of the elements of said model so as to duplicate the wave pulse corresponding to 
30 sequential data read from said playback means; and 

(4) output the computed values as said parameter data. 

34. A diagnostic apparatus according to claim 33, wherein said electrical model comprises: 

35 (j) a first resistor simulating the vascular resistance due to blood flow viscosity in said proximal section of said 

arterial system; 

(ii) an inductor simulating the blood flow momentum in said proximal section of said arterial system; 
(Hi) a capacitor simulating the vascular elasticity in said proximal section of said arterial system; and 
(iv) a second resistor simulating the vascular resistance due to blood flow viscosity in said distal section of 
40 said electrical circuit; wherein a series circuit in series with said first resistor and said inductor, and a parallel 

circuit in parallel with the capacitor and said second resistor, are successively arranged in series between a 
pair of input terminals of said electrical model. 

A diagnostic apparatus according to claim 27, wherein said analyzing means comprises: 

distortion computing means for computing a pulse wave distortion factor corresponding to each pulsation on 
the basis of the sequential data corresponding to each pulsation; and 

outputting means for outputting said parameter data on the basis of the computed pulse wave distortion factor. 

50 36. A diagnostic apparatus according to claim 27, wherein said analyzing means is adapted to output an amplitude 
value and a phase value at the peak point of the pulse wave for each pulsation. 

37. A diagnostic apparatus according to claim 27, wherein said pulse wave analyzing apparatus is provided with a 
reading means for reading out sequential data from a storage media. 

55 

38. A diagnostic apparatus according to claim 27, wherein said pulse wave analyzing apparatus is adapted to obtain 
said sequential data of the pulse wave by a pulse wave detecting means for detecting the pulse wave non-inva- 
sively. 



35. 

45 
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39. A diagnostic apparatus according to claim 27, wherein said analyzing means is adapted to compute and output 
the sum mean value of the parameter data corresponding to each pulsation for a predetermined number of pul- 
sations. 

5 40. A diagnostic apparatus according to claim 27, wherein said analyzing means is adapted to compute and output a 
mean movement value of the parameter data corresponding to each pulsation. 

41 . A diagnostic apparatus according to claim 27, wherein said pulse wave analyzing apparatus is provided with writing 
means for writing said parameter data into a storage media. 

10 

Patentanspruche 

1 . Diagnosegerat, das umfaBt: 

15 

ein Datenbankmittel (26) zum relationalen Speichem von Diagnoseergebnissen, die mehrere verschiedene 
Lebendkorper-Diagnose-Storungsbedingungen darstellen, und von Parameterdaten, die jeweils mehrere Le- 
bendkorper-Pulswellen darstellen, wobei die Beziehungen zwischen den Diagnoseergebnissen und den Pa- 
rameterdaten von einem Untersucher im voraus bestimmt werden durch eine unabhangige Diagnose wenig- 
20 stens eines ersten lebenden Korpers und Messung der jeweiligen Pulswellen des wenigstens einen ersten 

lebenden Korpers; und 

ein Diagnosemittel (21 ) zum Empfangen von Parameterdaten, die eine Pulswelle darstellen, die an einer Stelle 
an wenigstens einem lebenden Korper gemessen worden sind, der der Diagnose unterzogen wird, zum Ab- 
gleich der empfangenen Parameterdaten mit Pulswellen darstellende Parameterdaten in der Datenbank, und 
25 zum Ausgeben eines Diagnoseergebnisses in bezug auf die abgeglichenen Parameterdaten, die in der Da- 

tenbank (26) gespeichert sind. 

2. Diagnosegerat nach Anspruch 1 , das femer umfaBt; 

ein Lebendkorperzustand-Elngabemlttel (25) zum Eingeben der Diagnoseergebnisse, die mehrere Lebend- 
30 korper-Storungsbedingungen darstellen, und der Parameterdaten, die jeweils mehrere der Lebendkorper-Puls- 

wellen in bezug auf die jeweiligen mehreren Korper-Storungsbedingungen darstellen, in die Datenbank. 

3. Diagnosegerat nach Anspruch 1 Oder Anspruch 2, bei dem die Diagnoseergebnisse eine Beziehung zwischen 
Pulswellen, die als Parameterdaten dargestellt werden, und medizinisch therapeutischen Daten anzeigen. 

35 

4. Diagnosegerat nach irgendeinem der vorangehenden Anspruche, bei dem das Datenbankmittel dafur konfiguriert 
ist, Diagnoseergebnisse in bezug auf Parameterdaten, die mehrere Pulswellen darstellen, die mehreren Pulswel- 
lenmeBstellen an einem lebenden Korper zugeordnet sind, zu speichern, und 

das Diagnosemittel Parameterdaten empfangt, die mehrere Pulswellen darstellen, die von mehreren Stellen 
40 an wenigstens einem lebenden Korper, der der Diagnose unterzogen wird, gemessen worden sind, urn die emp- 

fangenen Parameterdaten mit Pulswellen darstellenden Parameterdaten in der Datenbank abzugleichen, und urn 
ein Diagnoseergebnis in bezug auf die in der Datenbank gespeicherten abgeglichenen Parameterdaten auszuge- 
ben. 

45 5. Diagnosegerat nach irgendeinem der vorangehenden Anspruche, bei dem das Diagnosemittel dafur konfiguriert 
ist, ein Diagnoseergebnis eines lebenden menschlichen Korpers auszugeben. 

6. Diagnosegerat nach irgendeinem der vorangehenden Anspruche, das ferner ein Pulswellendetektormittel umfaBt 
zum Erfassen einer Pulswelle an einer Stelle am lebenden Korper, urn diese an das Diagnosemittel auszugeben. 

50 

7. Diagnosegerat nach irgendeinem der Anspruche 1 bis 5, das ferner eine Pulswellenanalysevorrichtung umfaBt, 
wobei die Pulswellenanalysevorrichtung umfaBt: 

ein Pulswelleneingabemittel zum Eingeben von Informationen, die eine radial-arterielle Pulswelle des leben- 
55 den Korpers darstellen; und 

ein Analysemittel fur: 

(1) das Nutzen eines elektrischen Modells, das das arterielle System vom proximalen Abschnitt bis zum 
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distalen Abschnitt des lebenden Korpers simuliert; 

(2) das Eingeben eines elektrischen Signals, das die Druckwellenformen am proximalen Abschnitt dar- 
stellt, in das Modell; 

(3) das Berechnen der Werte der Elemente des Modells, urn somit die wirkliche Pulswelle zu duplizieren, 
5 die vom Pulswelleneingabemittel eingegeben worden ist, und 

(4) das Ausgeben dieser berechneten Werte als Parameterdaten. 

8. Diagnosegerat nach Anspruch 7, bei dem das Pulswelleneingabemittel ein Pulswellenerfassungsmittel zum nicht- 
invasiven Erfassen der Pulswelle des lebenden Korpers ist. 

10 

9. Diagnosegerat nach Anspruch 7, bei dem das Pulswelleneingabemittel ein Lesemittel zum Auslesen von Informa- 
tionen, die eine radial-arterielle Pulswelle darstellen, aus einem Speichermedium ist. 

10. Diagnosegerat nach Anspruch 8, bei dem die Pulswellenanalysevorrichtung versehen ist mit einem Aufzeich- 
15 nungsmittel zum Aufzeichnen der Berechnungsergebnisse, die vom Analysemittel geliefert werden, und bei dem 

das Pulswellenerfassungsmittel dafur konfiguriert ist, wiederholt radial-arterielle Pulswellen zu erfassen, und wobei 
das Analysemittel dafur konfiguriert ist, wiederholt die Werte jedes der Elemente im elektrischen Modell auf der 
Grundlage der erfaBten arteriellen Pulswellenformen zu berechnen. 

20 11. Diagnosegerat nach Anspruch 8, bei dem das Analysemittel dafur konfiguriert ist: 

(1) ein konzentriertes Vier-Parameter-Schaltungsmodell als ein elektrisches Modell zu verwenden, das das 
arterielle System eines lebenden Korpers von einem proximalen Abschnitt bis zu einem distalen Abschnitt 
simuliert, wobei das konzentrierte Vier-Parameter-Schaltungsmodell folgende Elemente umfaBt: 

25 

(i) einen ersten Widerstand, der den GefaBwiderstand aufgrund der BlutfluBviskositat im proximalen Ab- 
schnitt des arteriellen Systems simuliert; 

(ii) eine Induktivitat, die die BlutfluBbewegungsenergie im proximalen Abschnitt der arteriellen Systems 
simuliert; 

30 (jjj) einen Kondensator, der die GefaBelastizitat im proximalen Abschnitt des arteriellen Systems simuliert; 

und 

(iv) einen zweiten Widerstand, der den GefaBwiderstand aufgrund der BlutfluBviskositat im distalen Ab- 
schnitt der elektrischen Schaitung simuliert; wobei eine Serienschaltung in Serie mit dem ersten Wider- 
stand und der Induktivitat, sowie eine Parallelschaltung parallel zum Kondensator und dem zweiten Wi- 
35 derstand der Reihe nach in Serie zwischen einem Paar von Eingangsanschlussen des konzentrierten 

Vier-Parameter-Schaltungsmodells angeordnet sind; und 

(2) Eingeben eines elektrischen Signals, das die Druckwellenformen am proximalen Abschnitt darstellt, in das 
Modell; und Berechnen der Werte der Elemente des Modells, um somit die wirkliche Pulswelle zu duplizieren, 

40 die an der Radial-Arterie des lebenden Korpers erfaBt wird. 

12. Diagnosegerat nach Anspruch 11 , bei dem die Pulswellenanalysevorrichtung mit einem Pulsschlagvolumenerfas- 
sungsmittel versehen ist zum Erfassen des Pulsschlagvolumens pro Pulsschlag des arteriellen Systems im leben- 
den Korper; wobei das Analysemittel dafur konfiguriert ist: 

45 

den Wert der Induktivitat auf der Grundlage des Pulsschlagvolumens zu berechnen, und 
die Werte des ersten Widerstands, der Kondensators und des zweiten Widerstands auf der Grundlage des 
berechneten Wertes der Induktivitat, der Kreisfrequenz und der Dampfungsrate der wirklichen Blutdruckwel- 
lenformen zu berechnen. 

50 

13. Diagnosegerat nach Anspruch 11, bei dem die Pulswellenanalysevorrichtung versehen ist mit einem BlutfluBvo- 
lumenerfassungsmittel zum Erfassen des Blutf luBvolumens des lebenden Korpers; wobei das Analysemittel dafur 
konfiguriert ist: 

55 den Wert der Induktivitat auf der Grundlage des BlutfluBvolumens zu berechnen, und 

die Werte des ersten Widerstands, der Kondensators und des zweiten Widerstands auf der Grundlage des 
berechneten Wertes der Induktivitat, der Kreisfrequenz und der Dampfungsrate der wirklichen Blutdruckwel- 
lenformen zu berechnen. 
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14. Diagnosegerat nach Anspruch 11 , bei dem ein elektrisches Signal, das einer Pulswelle am proximalen Abschnitt 
entspricht, ausgedruckt wird durch eine Wellenform e(t) mit einer Periode tp; wobei die Wellenform et definiert ist 
durch: 

5 e(t>=E 0 + E m {1-(t/t p1 )} 

fur eine Periode von 0 < t < t^; und durch 

10 e(t)=E 0 furt p1 <t<t p ; 

wobei: E 0 die Spannung ist, die einen minimalen Blutdrucks ergibt; und E m die Diff erenz zwischen den Spannungen 
ist, die die maximalen und minimalen Blutdrucke ergeben. 

15 

15. Diagnosegerat nach Anspruch 8, bei dem das Pulswellenerfassungsmittel dafur konfiguriert ist, mehrere Pulswel- 
len an mehreren Stelien am lebenden Korper zu erfassen, und 

wobei das Analysemittel dafur konfiguriert ist, elektrische Signale, die die Druckwellenformen am proximalen 
Abschnitt darstellen, in das Model! einzugeben, und die Werte der Elemente des Modells zu berechnen, urn somit 
20 die wirklichen mehreren Pulswellen, die an der Radial-Arterie des lebenden Korpers erfaBt werden, zu duplizieren. 

16. Diagnosegerat nach Anspruch 8, bei dem das Pulswellenerfassungsmittel umfaBt: 

ein Dunnschichtvorrichtungselement, das dafur konfiguriert ist, an einem Finger eines Untersuchers angeord- 
25 net zu werden; und 

einen Drucksensor, der am Dunnschichtvorrichtungselement angeordnet ist. 

17. Diagnosegerat nach Anspruch 8, bei dem das Pulswellenerfassungsmittel umfaBt: 

30 (1) einen Pulsweliensensor, der ein Dunnschichtvorrichtungselement umfaBt, das dafur konfiguriert ist, an 

einem Finger eines Untersuchers angeordnet zu werden; und einen Drucksensor, der am Dunnschichtvor- 
richtungselement angeordnet ist; 

(2) ein Gleichstromkomponentenerfassungsmittel zum Erfassen der Gleichstromkomponenten in den Erfas- 
sungssignalen vom Pulsweliensensor; 
35 (3) ein Wechselstromkomponentenerfassungsmittel zum Erfassen der Wechselstromkomponenten in den Er- 

fassungssignalen vom Pulsweliensensor; 

(4) ein Speichermittel zum Speichern der Ausgangsergebnisse vom Gleichstromkomponentenerfassungsmit- 
tel; und 

(5) ein Dekrementierungsmittel zum Ausgeben des Wertes der Differenz zwischen den Daten, die im Spei- 
40 chermittelgespeichertsind, und den ErfassungsergebnissendesGleichstromkomponentenerfassungsmittels. 

1 8. Diagnosegerat nach Anspruch 8, bei dem die Parameterdaten vom Analysemittel in ein Speichermedium geschrie- 
ben werden. 

45 19. Diagnosegerat nach irgendeinem der Anspruche 1 bis 5, das ferner eine Pulswellenanalysevorrichtung umfaBt, 
wobei die Pulswellenanalysevorrichtung umfaBt: 

ein Pulswellenerfassungsmittel zum Erfassen einer Pulswelle von einem lebenden Korper; 
ein Verzerrungsberechnungsmittel zum Berechnen eines Pulswellenverzerrungsfaktors der vom Pulswel- 
50 lenerfassungsmittel erfaBten Pulswelle; und 

ein Wellenformermittlungsmittel zum Ermitteln der Parameterdaten auf der Grundlage des vom Verzerrungs- 
berechnungsmittel berechneten Verzerrungsfaktors. 

20. Diagnosegerat nach irgendeinem der Anspruche 1 bis 5, das ferner eine Pulswellenanalysevorrichtung umfaBt, 
55 die umfaBt: 

ein Pulswelleneingabemittel zum Eingeben von Informationen, die eine Pulswelle eines lebenden Korpers 
darstellen; 
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ein Verzerrungsberechnungsmittel zum Berechnen eines Pulswelleriverzerrungsfaktors aus den Information 
nen, die eine Pulswelle darstellen; und 

ein Parameterbeschaffungsmittel zum Beschaffen der Parameterdaten auf der Grundlage des vom Verzer- 
rungsberechnungsmittel berechneten Verzerrungsfaktors. 

21. Diagnosegerat nach Anspruch 20, bei dem die Pulswellenanalysevorrichtung versehen ist mit einem Lesemittel 
zum Auslesen der Informationen, die eine Pulswelle darstellen, aus einem Speichermedtum. 

22. Diagnosegerat nach Anspruch 20, bei dem das Pulswelleneingabemittel ein Pulswellenerf assungsmittel zum nicht- 
invasiven Erfassen der Pulswelle eines lebenden Korpers ist. 

23. Diagnosegerat nach Anspruch 20, bei dem die Pulswellenanalysevorrichtung versehen ist mit einem Schreibmittel 
zum Schreiben der Parameterdaten in ein Speichermedium. 

24. Diagnosegerat nach irgendeinem der Anspriiche 1 bis 5, das ferner eine Pulswellenanalysevorrichtung umfaBt, 
wobei die Pulswellenanalysevorrichtung ferner umfaBt: 

ein Pulswellenerfassungsmittel zum Erfassen einer Pulswelle von einem lebenden Korper; 

ein Analysemittel zum Ausgeben von Scheitelpunktdaten Oder Zeitablaufdaten eines Scheitelpunktes der 

Pulswelle, die vom Pulswellenerfassungsmittel erfaBt worden ist, als Parameterdaten. 

25. Diagnosegerat nach Anspruch 24, bei dem das Analysemittel umfaf3t: 

ein Differenziermittel zum Differenzieren der vom Pulswellenerfassungsmittel erfaBten Pulswelle; 

ein Wendepunkterfassungsmittel zum Erfassen eines Zeitpunkts, zu dem ein Ausgang vom Differenziermittel 

gleich "0" ist; und 

ein Zahlmittel zum Zahlen eines Abtasttaktes, 

wobei das Analysemittel dafur konfiguriert ist, Scheitelpunktdaten oder Zeitablaufdaten fur einen Scheitel- 
punkt fur die Parameterdaten auszugeben auf der Grundlage von: dem Zahlerwert vom Zahlermittel, und der 
Amplitude der Pulswelle, die vom Erf assungsmittel erfaBt wird, wenn der Ausgang des Differenziermittels gleich 
"0" ist. 

26. Diagnosegerat nach Anspruch 24, bei dem das Analysemittel umfaBt: 

ein Anzeigemittel zum Anzeigen der vom Pulswellenerfassungsmittel erfaBten Pulswelle; und 

ein Bestimmungsmittel zum Bestimmen eines Scheitelpunktes der Pulswelle, die im Anzeigemittel angezeigt 

wird, 

wobei das Analysemittel Scheitelpunktdaten oder Zeitablaufdaten eines Scheitelpunktes als Parameterdaten 
ausgibt auf der Grundlage des vom Bestimmungsmittel bestimmten Scheitelpunktes. 

27. Diagnosegerat nach irgendeinem der Anspriiche 1 bis 5, das ferner eine Pulswellenanalysevorrichtung umfaBt, 
wobei die Pulswellenanalysevorrichtung ferner umfaBt: 

ein Wellenformspeichermittel zum aufeinanderfolgenden Speichern sequentieller Daten von Pulswellen eines 
lebenden Korpers gemaB einer vorgegebenen Schreibgeschwindigkeit; 

ein Wiedergabemittel zum Unterteilen der sequentiellen Daten in sequentielle Daten, die jeweils einem Puls- 
schlag entsprechen, und Lesen der jeweils unterteilten sequentiellen Daten aus dem Wellenformspeichermit- 
tel; und 

ein Analysemittel zum Berechnen der Parameterdaten fur Pulswellen, die dem jeweiligen Pulsschlag zuge- 
ordnet sind, auf der Grundlage der sequentiellen Daten, die jedem Pulsschlag zugeordnet sind und aus dem 
Wiedergabemittel gelesen werden. 

28. Diagnosegerat nach Anspruch 27, bei dem das Analysemittel dafur konfiguriert ist, das Spektrum der sequentiellen 
Daten zu berechnen und dieses als Parameterdaten auszugeben. 

29. Diagnosegerat nach Anspruch 28, bei dem das Wiedergabemittel dafur konfiguriert ist, die sequentiellen Daten 
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mehrmals uber mehrere Zeitpunkte mit einer Auslesegeschwindigkeit auszulesen, die hoher ist als die Schreib- 
geschwindigkeit. 

30. Diagnosegerat nach Anspruch 29, bei dem das Wiedergabemittel dafur konfiguriert ist, die sequentiellen Daten 
5 fur einen Pulsschlag aus dem Wellenformspeichermittel mit einer Geschwindigkeit auszulesen, die proportional 

zu deren Datenlange ist; wobei das Analysemittel dafur konfiguriert ist, das Spektrum der Frequenz einer ganz- 
zahligen Komponente der Ausleseperiode der sequentiellen Daten, die einem Pulsschlag zugeordnet sind, zu 
erfassen. 

10 31 . Diagnosegerat nach Anspruch 30, bei dem das Wiedergabemittel dafur konfiguriert ist, die Auslesegeschwindigkeit 
schrittweise zu andern, so daft sie einem Niveau des jeweiligen zu erfassenden Spektrums entspricht; und das 
Analysemittel dafur konfiguriert ist, fur jede Anderung das Spektrum einer festen Frequenz einer ganzzahligen 
Komponente der Ausleseperiode der sequentiellen Daten, die einem Pulsschlag zugeordnet sind, zu erfassen. 

15 32. Diagnosegerat nach Anspruch 31 , bei dem das Pulswellenanalysemittel mit einem Sinuswellenerzeugungsmittel 
versehen ist, urn ein Sinuswellensignalzu erzeugen und auszugeben, das einefeste Frequenz einer ganzzahligen 
Komponente der Ausleseperiode der sequentiellen Daten, die einem Pulsschlag zugeordnet sind, aufweist, wobei 
das Analysemittel dafur konfiguriert ist, die Phase des Spektrums auf der Grundlage des Sinuswellensignals zu 
erfassen. 

20 

33. Diagnosegerat nach Anspruch 27, bei dem das Analysemittel dafur konfiguriert ist: 

(1) ein elektrisches Modell zu nutzen, das das arterielle System vom proximalen Abschnitt bis zum distalen 
Abschnitt eines lebenden Korpers simuliert, 
25 (2) ein elektrisches Signal, das die Druckwellenform am proximalen Abschnitt darstellt, in das Modell einzu- 

geben; 

(3) die Werte der Elemente des Modells zu berechnen, urn somit die Pulswelle entsprechend den sequentiellen 
Daten, die vom Wiedergabemittel gelesen werden, zu duplizieren; und 

(4) die berechneten Werte als Parameterdaten auszugeben. 

30 

34. Diagnosegerat nach Anspruch 33, bei dem das elektrische Modell umfaBt: 

(i) einen ersten Widerstand, der den GefaBwiderstand aufgrund der BlutfluBviskositat im proximalen Abschnitt 
des arteriellen Systems simuliert; 
35 (ii)eine Induktivitat, die die BlutfluBbewegungsenergie im proximalen Abschnitt der arteriellen Systems simu- 

liert; 

(iii) einen Kondensator, der die GefaBelastizitat im proximalen Abschnitt des arteriellen Systems simuliert; und 

(iv) einen zweiten Widerstand, der den GefaBwiderstand aufgrund der BlutfluBviskositat im distalen Abschnitt 
der elektrischen Schaltung simuliert; wobei 

40 

eine Serienschaltung in Serie mit dem ersten Widerstand und der Induktivitat, sowie eine Parallelschaltung 
parallel zum Kondensator und dem zweiten Widerstand der Reihe nach in Serie zwischen einem Paar von Ein- 
gangsanschliissen des elektrischen Modells angeordnet sind. 

45 35. Diagnosegerat nach Anspruch 27, bei dem das Analysemittel umfaBt: 

ein Verzerrungsberechnungsmittel zum Berechnen eines Pulswellenverzerrungsfaktors, der jedem Pulsschlag 
zugeordnet ist, auf der Grundlage der sequentiellen Daten, die jedem Pulsschlag zugeordnet sind; und 
ein Ausgabemittel zum Ausgeben der Parameterdaten auf der Grundlage des berechneten Pulswellenverzer- 
50 rungsfaktors. 

36. Diagnosegerat nach Anspruch 27, bei dem das Analysemittel dafur konfiguriert ist, einen Amplitudenwert und 
einen Phasenwert am Scheitelpunkt der Pulswelle fur jeden Pulsschlag auszugeben. 

55 37. Diagnosegerat nach Anspruch 27, bei dem die Pulswellenanalysevorrichtung versehen ist mit einem Lesemittel 
zum Auslesen sequentieller Daten aus einem Speichermittel. 

38. Diagnosegerat nach Anspruch 27, bei dem die Pulswellenanalysevorrichtung dafur konfiguriert ist, sequentielle 
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Daten der Pulswelle zu erhalten durch ein Pulswellenerfassungsmittel zum nicht-invasiven Erfassen der Pulswelle. 

39. Diagnosegerat nach Anspruch 27, bei dem die Analysevorrichtung dafur konfiguriert ist, den Summenmittelwert 
der Parameterdaten, die jedem Pulsschlag zugeordnet sind, fur eine vorgegebene Anzahl von Pulsschlagen zu 

5 berechnen und auszugeben. 

40. Diagnosegerat nach Anspruch 27, bei dem das Analysemittel dafur konfiguriert ist, einen mittleren Bewegungswert 
der Parameterdaten, die jedem Pulsschlag zugeordnet sind, zu berechnen und auszugeben. 

10 41 . Diagnosegerat nach Anspruch 27, bei dem die Putswellenanalysevorrichtung versehen ist mit einem Schreibmittel 
zum Schreiben der Parameterdaten in ein Speichermedium. 



Revendications 

15 

1 . Appareil de diagnostic, comprenant : 

un moyen de base de donnees (26) pour stocker relationnellement des resultats de diagnostic representatifs 
d'une pluralite de conditions differentes de troubles de diagnostic d'un corps vivant et des donnees de para- 
20 metres representatives d'une pluralite respective d'ondes de pouls d'un corps vivant, dans lequel les relations 

entre lesdits resultats de diagnostic et lesdites donnees de parametres sont predetermines par un examina- 
teur a travers un diagnostic independant d'au moins un premier corps vivant et la mesure des ondes de pouls 
respectives dudit au moins un premier corps vivant ; et 

un moyen de diagnostic (21) pour recevoir les donnees de parametres representatives d'une onde de pouls 
25 mesuree a un emplacement sur au moins un corps vivant soumis a un diagnostic et pour faire correspondre 

lesdites donnees de parametres regues aux donnees de parametres representant les ondes de pouls dans 
ladite base de donnees et poursortir un resultat de diagnostic relatif auxdites donnees de parametres corres- 
pondantes stockees dans ladite base de donnees (26). 

30 2. Appareil de diagnostic selon la revendication 1 , comprenant en outre : 

un moyen d'entree de conditions d'un corps vivant (25) pour entrer dans ladite base de donnees lesdits re- 
sultats de diagnostic representatifs d'une pluralite de conditions de troubles d'un corps vivant et des donnees 
de parametres representatives d'une pluralite respective d'ondes de pouls d'un corps vivant relatives a cha- 
35 cune desdites pluralite de conditions de troubles d'un corps. 

3. Appareil de diagnostic selon la revendication 1 ou la revendication 2 dans lequel les resultats de diagnostic indi- 
quent une relation entre les ondes de pouls representees en tant que donnees de parametres et des donnees 
medicales therapeutiques. 

40 

4. Appareil de diagnostic selon I'une quelconque des revendications precedentes, dans lequel ledit moyen de base 
de donnees est adapte pour stocker des resultats de diagnostic relatifs a des donnees de parametres representant 
des ondes de pouls multiples correspondant a une pluralite d'emplacements de mesures d'ondes de pouls sur un 
corps vivant, et 

45 lesdits moyens de diagnostic regoivent les donnees de parametres representatives d'ondes de pouls multiples 

mesurees d'une pluralite d'emplacements sur au moins un corps vivant soumis a un diagnostic pour faire corres- 
pondre lesdites donnees de parametres revues aux donnees de parametres representant les ondes de pouls dans 
ladite base de donnees et pour sortir un resultat de diagnostic relatif auxdites donnees de parametres correspon- 
dantes stockees dans ladite base de donnees. 

50 

5. Appareil de diagnostic selon Tune quelconque des revendications precedentes, dans lequel le moyen de diagnostic 
est adapte pour sortir un resultat de diagnostic d'un corps humain vivant. 

6. Appareil de diagnostic selon Tune quelconque des revendications precedentes, comprenant en outre un moyen 
55 detecteur d'onde de pouls pour detecter une onde de pouls d'un emplacement sur ledit corps vivant afin de la 

sortir dans ledit moyen de diagnostic. 

7. Appareil de diagnostic selon I'une quelconque des revendications 1 a 5, comprenant en outre un appareil d'analyse 
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d'onde de pouls, ledit apparei! d'analyse d'onde de pouls comprenant : 

un moyen d'entree d'onde de pouls pour entrer des informations representant une onde de pouls arteriel radial 
dudit corps vivant ; et 
un moyen d'analyse pour : 

(1) utiliser un modele electrique simulant le systeme arteriel de la section proximale a la section distale 
dudit corps vivant ; 

(2) entrer un signal electrique representant la forme d'onde de tension a la section proximale dans ledit 
modele ; 

(3) calculer les valeurs des elements dudit modele de facon k dupliquer I'onde de pouls reelle entree par 
I'entremise d'un moyen d'entree d'onde de pouls, et 

(4) sortir ces valeurs calculees pour des donnees de parametres. 

8. Appareil de diagnostic selon la revendication 7, dans lequel ledit moyen d'entree d'onde de pouls est un moyen 
de detection d'onde de pouls pour detecter I'onde de pouls dudit corps vivant de facon non invasive. 

9. Appareil de diagnostic selon la revendication 7, dans lequel ledit moyen d'entree d'onde de pouls est un moyen 
de lecture pour lire les informations representant une onde arterielle radiale d'un milieu de stockage de donnees. 

10. Appareil de diagnostic selon la revendication 8, dans lequel ledit appareil d'analyse d'onde de pouls est prevu 
avec un moyen d'enregistrement pour enregistrer les resultats des calculs effectues par ledit moyen d'analyse, et 
dans lequel ledit moyen de detection d'onde de pouls est adapte pour detecter de facon repetee les ondes de 
pouls arteriel radial, et ledit moyen d'analyse est adapte pour calculer de facon repetee les valeurs de chacun des 
elements dans ledit modele electrique base sur les formes d'ondes de pouls arteriel detectees. 

11. Appareil de diagnostic selon la revendication 8, dans lequel ledit moyen d'analyse est adapte pour: 

(1 ) utiliser un modele de circuit a quatre parametre groupes en tant que modele electrique simulant le systeme 
arteriel d'un corps vivant de la section proximale a la section distale, dans lequel ledit modele de circuit a 
quatre parametres groupes comprend les elements suivants : 

(i) une premiere resistance simulant la resistance vasculaire due a la viscosite du flux sanguin dans ladite 
section proximale dudit systeme arteriel ; 

(ii) un inducteur simulant le moment du flux sanguin dans ladite section proximale dudit systeme arteriel ; 

(iii) un condensateur simulant I'elasticite vasculaire dans ladite section proximale dudit systeme arteriel ; et 

(iv) une seconde resistance simulant la resistance vasculaire due k la viscosite du flux sanguin dans ladite 
section distale dudit circuit electrique ; dans lequel 

un circuit en serie monte en serie avec ladite premiere resistance et ledit inducteur, et un circuit parallele 
monte en parallele avec le condensateur et ladite seconde resistance, sont agences successivement en serie 
entre une paire de bornes d'entree dudit modele de circuit a quatre parametres groupes ; et 

(2) entrer un signal electrique representant la forme d'onde de tension a la section proximale dans ledit modele ; 
et calculer les valeurs des elements dudit modele de facon a dupliquer I'onde de pouls reelle detectee de 
I'artere radiale dudit corps vivant. 

12. Appareil de diagnostic selon la revendication 11, dans lequel ledit appareil d'analyse d'onde de pouls est prevu 
avec un moyen de detection de volume de battement pour detecter le volume de battement par pulsation du 
systeme arteriel dans ledit corps vivant ; et dans lequel ledit moyen d'analyse est adapte pour : 

calculer la valeur dudit inducteur sur la base dudit volume de battement, et 

calculer les valeurs de ladite premiere resistance, dudit condensateur et de ladite seconde resistance sur la 
base de la valeur calculee dudit inducteur, de la frequence angulaire et du taux d'attenuation desdites formes 
d'onde de la tension arterielle reelle. 

13. Appareil de diagnostic selon la revendication 11, dans lequel ledit appareil d'analyse d'onde de pouls est prevu 
avec un moyen de detection du volume de flux sanguin pour detecter le volume du flux sanguin dudit corps vivant ; 
et dans lequel ledit moyen d'analyse est adapte pour : 
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calculer la valeur dudit inducteur sur la base dudit volume de flux sanguin, et 

calculer les valeurs de ladite premiere resistance, dudit condensateur et de ladite seconde resistance sur la 
base de la valeur calculee dudit inducteur, de la frequence angulaire et du taux d'attenuation desdites formes 
d'onde de tension arterielle reelle. 

5 

14. Appareil de diagnostic selon la revendication 11, dans lequel un signal electrique correspondant & une onde de 
pouls a la section proximale est exprime en termes de forme d'onde e(t) ayant une periode t p ; dans lequel ladite 
forme d'onde e(t) est definie par : 

W e(t) = E 0 + E m {1-(t/t p1 )} 

pour une periode de 0 = t = tp1 ; et par 
15 e(t)=E 0 pourt p 1=t p ; 

dans lequel : 

20 E 0 est la tension electrique qui donne une tension arterielle minimum ; et 

E m est la difference entre les tensions electriques qui donnent des tensions arterielles maximum et minimum. 

15. Appareil de diagnostic selon la revendication 8, dans lequel 

ledit moyen de detection d'onde de pouls est adapte pour detecter des ondes de pouls multiples a une 
25 pluralite d'emplacements sur ledit corps vivant, et 

dans lequel ledit moyen d'analyse est adapte pour entrer des signaux electriques representant les formes 
d'ondes de tension a la section proximale dans ledit modele ; et pour calculer les valeurs des elements dudit 
modele de fa^on k dupliquer les ondes de pouls multiples reelles detectees a I'artere radiale dudit corps vivant. 

30 16. Appareil de diagnostic selon la revendication 8, dans lequel ledit moyen de detection d'onde de pouls comprend : 

un dispositif a film mince adapte pour etre dispose sur un doigt d'un examinateur ; et 
un detecteur de tension dispose sur ledit dispositif a film mince. 

35 17. Appareil de diagnostic selon la revendication 8, dans lequel ledit moyen de detection d'onde de pouls comprend : 

(1) un detecteur d'onde de pouls comprenant un dispositif a film mince adapte de fagon k etre dispose sur un 
doigt d'un examinateur ; et un detecteur de tension dispose sur le dispositif a film mince ; 

(2) un moyen de detection de composant c.c. pour detecter les composants c.c. dans les signaux de detection 
40 provenant dudit detecteur d'onde de pouls ; 

(3) un moyen de detection de composant c.a. pour detecter les composants c.a. dans les signaux de detection 
provenant dudit detecteur d'onde de pouls ; 

(4) un moyen de memoire pour stocker les resultats sortant dudit moyen de detection de composant c.c. ; et 

(5) un moyen de decrementation pour sortir la valeur de la difference entre les donnees stockees dans ledit 
45 moyen de memoire et les resultats de detection dudit moyen de detection de composants c.c. 

18. Appareil de diagnostic selon la revendication 8, dans lequel les donnees de parametres issues dudit moyen d'ana- 
lyse sont ecrites dans un milieu de stockage. 

so 19. Appareil de diagnostic selon Tune quelconque des revendications 1 a 5, comprenant en outre un appareil d'analyse 
d'onde de pouls, ledit appareil d'analyse d'onde de pouls comprenant : 

un moyen de detection d'onde de pouls pour detecter une onde de pouls d'un corps vivant ; 
un moyen de calcul de distorsion pour calculer un facteur de distorsion d'onde de pouls a partir de I'onde de 
55 pouls detectee par ledit moyen de detection d'onde de pouls ; et 

un moyen de determination d'une forme d'onde pour determiner lesdites donn§es de parametre sur la base 
du facteur de distorsion calcule par ledit moyen de calcul de distorsion. 
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20. Appareil de diagnostic selon Tune quelconque des revendications 1 a 5, comprenant en outre un appareil d'analyse 
d'onde de pouls comprenant : 

un moyen d'entree d'onde de pouls pour entrer des informations representant une onde de pouls d'un corps 
5 vivant ; 

un moyen de calcul de distorsion pour calculer un facteur de distorsion d'onde de pouls a partir de ladite 
information representant une onde de pouls ; et 

un moyen d'obtention de parametre pour obtenir lesdites donnees de parametre sur la base du facteur de 
distorsion calcule par ledit moyen de calcul de distorsion. 

10 

21. Appareil de diagnostic selon la revendication 20, dans lequel ledit appareil d'analyse d'onde de pouls est prevu 
avec un moyen de lecture pour lire ladite information representant une onde de pouls d'un milieu de stockage. 

22. Appareil de diagnostic selon la revendication 20, dans leque! ledit moyen d'entree d'onde de pouls est un moyen 
*5 de detection d'onde de pouls pour detecter I'onde de pouls d'un corps vivant de facon non invasive. 

23. Appareil de diagnostic selon la revendication 20, dans lequel ledit appareil d'analyse d'onde de pouis est prevu 
avec un moyen d'ecriture pour ecrire lesdites donnees de parametre dans un milieu de stockage. 

20 24. Appareil de diagnostic selon Tune quelconque des revendications 1 a 5, comprenant en outre un appareil d'analyse 
d'onde de pouls, ledit appareil d'analyse d'onde de pouls comprenant en outre : 

un moyen de detection d'onde de pouls pour detecter une onde de pouls d'un corps vivant ; 
un moyen d'analyse pour sortir des donnees de point de crete ou des donnees de chronometrage d'un point 
25 de crete d'une onde de pouls detectee par ledit moyen de detection d'onde de pouls en tant que donnees de 

param&tre, 

25. Appareil de diagnostic selon la revendication 24, dans lequel ledit moyen d'analyse comprend : 

30 un moyen differentiel pour obtenir la differenciation de I'onde de pouls detectee par ledit moyen de detection 

d'onde de pouls ; 

un moyen detecteur d'inflexion pour detecter un chronometrage quand une sortie dudit moyen differentiel est 
« 0 » ; et 

un moyen de comptage pour compter une hortoge d'echantillonnage, 
35 et ledit moyen d'analyse est adapte pour sortir des donnees de point de crete ou des donnees de chronome- 

trage d'un point de crete pour lesdites donnees de parametre, sur la base de : la valeur de comptage trouvee 
par ledit moyen de comptage ; et I'amplitude de ladite onde de pouls detectee par ledit moyen de detection 
quand la sortie dudit moyen differentiel est « o ». 

40 26. Appareil de diagnostic selon la revendication 24, dans lequel ledit moyen d'analyse comprend : 

un moyen d'affichage pour afficher I'onde de pouls detectee par ledit moyen de detection d'onde de pouls ; et 
un moyen de designation pour designer un point de crete d'une onde de pouls affiche dans ledit moyen d'af- 
fichage, 

45 et ledit moyen d'analyse sort des donnees de point de crete ou des donn6es de chronometrage d'un point de 

crete pour lesdites donnees de parametre, sur la base du point de crete designe par ledit moyen de designation. 

27. Appareil de diagnostic selon Tune quelconque des revendications 1 a 5, comprenant en outre un appareil d'analyse 
d'onde de pouls, ledit appareil d'analyse d'onde de pouls comprenant en outre : 

50 

un moyen de stockage de forme d'onde pour stocker successivement des donnees sequentielles d'onde de 
pouls d'un corps vivant en fonction d'une vitesse d'ecriture predetermine ; 

un moyen de lecture pour diviser lesdites donnees sequentielles en donnees sequentielles correspondent 
chacune k une pulsation, et pour lire chacune des donnees sequentielles divisees dudit moyen de stockage 
55 de forme d'onde ; et 

un moyen d'analyse pour calculer lesdites donnees de parametre pour les ondes de pouls correspondant a 
chaque pulsation, sur la base des donnees sequentielles correspondant k chaque pulsation et lues par ledit 
moyen de lecture. 
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28. Appareil de diagnostic selon la revendication 27, dans lequel ledit moyen d'analyse est adapte pour calculer le 
spectre desdites donnees sequentielles, et sortir cela en tant que lesdites donnees de parametre. 

29. Appareil de diagnostic selon la revendication 28, dans lequel ledit moyen de lecture est adapte pour lire defacon 
5 repetee lesdites donnees sequentielles plusieurs fois a une Vitesse de lecture superteure £ ladite vitesse d'ecriture. 

30. Appareil de diagnostic selon la revendication 29, dans lequel ledit moyen de lecture est adapte pour lire lesdites 
donnees sequentielles pour une pulsation dudit moyen de stockage de forme d'onde a une vitesse proportionnelle 
a la longueur de donnees de cela et ledit moyen d'analyse est adapte pour detecter le spectre de frequence d'un 

10 composant a un nombre entier de la periode de lecture desdites donnees sequentielles correspondant k une 

pulsation. 

31. Appareil de diagnostic selon la revendication 30, dans lequel ledit moyen de lecture est adapte pour changer 
successivement la vitesse de lecture pour correspondre a un niveau du spectre respectif a detecter, et ledit moyen 

'5 d'analyse est adapte pour detecter pour chaque changement, le spectre d'une frequence fixe d'un composant a 

un nombre entier de la periode de lecture desdites donnees sequentielles correspondant a une pulsation. 

32. Appareil de diagnostic selon la revendication 31, dans lequel ledit appareil d'analyse d'onde de pouls est prevu 
avec un moyen generateur d'onde sinusoidale pour generer et sortir un signal sous forme d'onde sinusoidale 

20 ayant ladite frequence fixe d'un composant a un nombre entier de la periode de lecture des donnees sequentielles 

correspondant a une pulsation, et ledit moyen d'analyse est adapte pour detecter la phase dudit spectre sur la 
base dudit signal d'onde sinusoidale. 

33. Appareil de diagnostic selon la revendication 27, dans lequel ledit moyen d'analyse est adapte pour : 

25 

(1) utiliser un modele electrique simulant le systeme arteriel de la section proximale a la section distale d'un 
corps vivant, 

(2) entrer un signal electrique representant la forme d'onde de tension a la section proximale dudit modele ; 

(3) calculer les valeurs des elements dudit modele de facon a dupliquer Ponde de pouls correspondant aux 
30 donnees sequentielles lues par ledit moyen de lecture ; et 

(4) sortir les valeurs calculees en tant que lesdites donnees de parametre. 

34. Appareil de diagnostic selon la revendication 33, dans lequel ledit modele electrique comprend : 

35 (j) une premiere resistance simulant la resistance vasculaire due a la viscosite du flux sanguin dans ladite 

section proximale dudit systeme arteriel ; 

(ii) un inducteur simulant le moment du flux sanguin dans ladite section proximale dudit systeme arteriel ; 

(iii) un condensateur simulant Pelasticite vasculaire dans ladite section proximale dudit systeme arteriel ; et 

(iv) une seconde resistance simulant la resistance vasculaire due a la viscosite du flux sanguin dans ladite 
40 section distale dudit circuit electrique ; 

dans lequel 

un circuit en serie monte en serie avec ladite premiere resistance et ledit inducteur, et un circuit parallele 
monte en parallele avec le condensateur et ladite seconde resistance, sont agences successivement en serie 
45 entre une paire de bornes d'entree dudit modele electrique. 

35. Appareil de diagnostic selon la revendication 27, dans lequel ledit moyen d'analyse comprend : 

un moyen de calcul de distorsion pour calculer un facteur de distorsion d'onde de pouls correspondant a 
50 chaque pulsation sur la base des donnees sequentielles correspondant a chaque pulsation ; et 

un moyen de sortie pour sortir lesdites donnees de parametre sur la base du facteur de distorsion de I'onde 
de pouls qui a ete calcule. 

36. Appareil de diagnostic selon la revendication 27, dans lequel ledit moyen d'analyse est adapte pour sortir une 
55 valeur d'amplitude et une vaieur de phase au point de crete d'une onde de pouls pour chaque pulsation. 

37. Appareil de diagnostic selon la revendication 27, dans lequel ledit appareil d'analyse d'onde de pouls est prevu 
avec un moyen de lecture pour lire les donnees sequentielles d'un milieu de stockage. 



EP 0 630 608 B1 



38. Appareil de diagnostic selon la revendication 27, dans lequel ledit appareil d'analyse d'onde de pouls est adapte 
pour obtenir lesdites donnees sequentielles des ondes de pouls par un moyen de detection d'onde de pouls pour 
detecter les ondes de pouls de fa$on non invasive. 

39. Appareil de diagnostic selon la revendication 27, dans lequel ledit moyen d'analyse est adapte pour calculer et 
sortir une valeur de totalisation moyenne des donnees de parametre correspondant a chaque pulsation pour un 
nombre predetermine de pulsations. 

40. Appareil de diagnostic selon la revendication 27, dans lequel ledit moyen d'analyse est adapte pour calculer et 
sortir une valeur de mouvement moyenne des donnees de parametre correspondant a chaque pulsation. 

41. Appareil de diagnostic selon la revendication 27, dans lequel ledit appareil d'analyse d'onde de pouls est prevu 
avec un moyen d'ecriture pour ecrire lesdites donnees de parametre dans un milieu de stockage. 
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FIG. 16 
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